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TRANSLATOR'S PREFACE. 



In presenting this work to English readers, I wish to 
acknowledge the kind assistance I have received firom 
Professor Jukes and Mr. Bristow in my oysrn country, from 
M« Daubr^e and M. Gruyerdet in France^ and last, but 
not leasts &om the distinguished author^ Professor Cotta 
himself, and from Hr. Stelzner, of Freiberg, to wbose 
valuable assistance I owe most of what is good in the 
new arrangement of the Mineralogical part of the work. 
For the many imperfections which, in spite of much care, 
will probably be found, I am alone responjaible. Never- 
theless, I hope that this work may in some measure 
supply a want which has been long felt in our geological 
literature, 

I trust that allowance will be made for the diflSculties 
of a translator if, in some instances, terms have been used 
in this work in a slightly extended or even different 
sense from that of some English authors. This has never 
been done without much consideration, and what appeared 
to me absolute necessity in rendering the meaning of my 
author, and in the absence of an exact equivalent for the 
German term in our accepted geological language* 
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The juxtaposition of the English, Gremian, and French 

eq^uivalent names for each rock, although frequently pre- 
senting doubts and difficulties, will, I trust, in the main 
meet with acceptance, in which case it caimot fail to prove 
useful. 

Scientific names are the coin in which enquirers must 
exchange their ideas ; and if they can be made to corre- 
spond in ditierent countries, the gain to science will be 
great. Such correspondence is as important in its way 
as the assimilation of currency for the operations of 
commerce. Should this object have been in any way 
promoted by the present work, my most sanguine expec- 
tations vdll have been fuliilled. 

I may here mention that, in furtherance of the same 
object, I have published, separately, a catalogue of the 
names of Bocks in the three languages. This catalogue, 
which is an outline of this work, may, perhaps, prove 
useful to collectors. 

P. H. LAWEENCE. 

LoRinnr: Jmmarif 186S. 
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AUTHOR'S PREFACE 

TO THIS EDITION. 

■01 

% 

Befoke my friend the Translator undertook the transla- 
tion of this work, I had collected materials and made 

certain alterations with a view to a thiid edition. 

The Tianslator himself, in the course of his labour, 

proposed certain alterations, which were adopted with 
my entire concurrence. 

As far as mj knowledge of the language enables me to 
judge, after a careful perusal, the translation appears to 
me to be yery accurate. 

This English edition may therefore be considered as 
the third edition of my original work, although, if the 
appearance of a third German edition should be delayed 
for some tune longer, there will doubtless be new matter 
and fresh alterations to be introduced; for Science 
marches with uninterrupted steps towards new Adds 
of discovery, and every year alters its aspect. 

In a system of Liihology, however, most of the names 
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which are in use will probably remain^ and one chici 
object of ibis book is to define these so as to render 
intelligible the ideas which each name should convey ; 
and both Author and Translator are actuated by the 
desire and ambition of arriving, as far as may be possible, 
at a common ground lor all nations in respect of the' 
important matter of rock-nomenclature. 

B. COTTA. 

Fbubbbo : Jimuary 1S66. 



Digitized by Goog e 



✓ 



CONTENTS. 



M iXERALS , , , , , . . 1 

I. Oxygen Compounds , , , . . B 

A. Oxides of Silicon and Alumimim (Earths) . , 

B. Silicates , . . . . , 8 

a. Felspar Section . . , 8 

Orthoclastic Felspars . . . ,9 

Plagiochistic Felspars . . . . 1£) 

Leucite and Xcphelino Group . . .14 

b. Augite Section . . . . lH 

c. ]\ficft Section . . , , . 22 

d. Hydrous Magnesian Silicates (Talc Section) . 21 

e. Zeolite Section (Non-Magnesian Hydrous Silicates) 2& 

The Monometric Zeolites . . .21) 

Hexagonal Zeolites . . . . 3Q 

Trimetric Zeolites , . . . 31 

Monoclinic Zeolites , . . .32 

f. Andalusite Section . . ._ . M 

ff. Garnet Section . . . 38 

C. Tantalates (or Columbates), Titanates, Vanadates . 45 

D. Sulphates , , , . . 42 

a. Anbydrons Sulphates . . . 47 

h. Hydrous Sulphates . . . . 4Q 

E. Borates , , s : : s 52 



■ -d by Google 



X 



CONTENTS. 



I. Oxygen Compounds — continued, 
F. Phospbatea . 



a. Anhydoua Phosphatea 

b. Hydroua Phospbatea 
G. Nitrates 



H. Carbonates 



a» AnhydrouB Carbonates 
Hydrous Carbonates 

I. Oxides of tbe Elements of the Hydrogen Group 

a. Anhydrous Oxides 

b. Hydrous Oxides 
n. Fluorides and Chlorides 

in. Sulphurete. Arseniurets 
IV. Native Elements . 
v. Resins. Organic Compounds 



EAQ£ 

53 
53 
54 
55 
56 

m 

59 
00 
60 
66 
67 
09 
24 
26 



ANALYSTS OF KOCKS 

Microscopic Analysis 
Magnetic Analysis 
Chemical Analysis 



CHAPTER n. 



78 
78 
78 
79 



CHAPTER HI. 

Physical STRTJCxrKE of Rocks , , 87 

Texture , , . . . .82 

Particular States of Rocks . , . •. 95 

Concretionary Structure . , . . .08 

Special Forms of Rxternal Structure . . ,90 

Jointed Structure . . , , . ' , jQg 

Stratification of Rocks . . . • . IQ5 

Shape and Bedding of Rock Masses . . . . IQg 

CHAPTER IV. 

Geological FomiATioiys ajtd Gboups of Rocks . . m 

CHAPTER V. 

TRANSITIOyS AyP TRAySMrTATI0X8 . . . . 120 



I 



' d by Google 



CONTENTS 



PART IL— The Eocks. 

INTRODUCTORY CTTAPTER. 



fAOE 

Classification . , , » , » . 123 

CHAPTER I. 

Igneous Rocks . . . s . 127 

Basic Igueous Rocks . ..... 131 

(1) Volcanic Ml 

BHi^altin Rocks 1^ 

(2) Plutonic IM 

Greenstones ...... 145 

Porphyrite Group . . • . . 108 

Mica Trap Rocks . . • . . 123 
Syenite Group . . • . . 176 

■ Acidic Ifflieous Rocks . • . • . . 182 

(1) Volcanic 182 

Trachyte Group . . .. . .183 

Phonolite Group . . . . .198 

(2) Plutonic 2Q1 

Gninitic Group ..... 201 

CHAPTER n. 

MuTAiroRpmc Crystalldte Schists . , i . 227 

Felspar Group . . . * 229 

Quartz Group . »_ . . . 241 

Chlorite^ Talc, and Hornblende Group . . 249 

Schists indistinctly Crystalline , . . 254 



CHAPTER m. 

Sedimentary and FRAOMEyxAL Rocks ; . . 259 

Ar^llaceous Group . , • . . — 263 

Marl Group . 271 

Limestone Group .... . — 21A 

G\"psuni and Anhydrite . • • « — 2QQ 

Fragmental Rocks ' . . • • • — 294 

Conglomerates . • • • • 302 



a • 

Xll 



CONTENTS. 



CHAPTER TV. 



Rocks Spkcial Character or BEPPiyo 
Serpentine Group 
Garnet Group 
Greisen and Schorl Group 
Carbonaceous Group . 
Ironstone Group 



EAOE 



314 



318 



320 



324 



_34Q 



CHAPTER V. 



Mtxerals A3 Rocks 



34Z 



PART nr. 



Nati're . . , . . 


. 350 


Ij^eous Rocks • . . . 


. 361 


Sedimentary Koclc3 .... 


. 374 


Met amorphic Crystalline Scliiste 


. 378 


Mineral Veins and Veins of Ore . . . . 392 


Conclusion . , . i . 


. m 



LITHOLOGY. 



PART L 
CHAPTER L 

HINBBALB. 

The several substances which form the materials 
of the earth's crust are termed * Rocks,' the idea of a 
solid rockj substance not being necessarily implied* Most 
of what we call rocks are no doubt of a firm and solid 
character, but some consist only of soft or loose aggregates 
or accumulations of their roaipuiient parts. 

These component parts are always minerals ; tliat is to 
say, all rocks are mineral aggregates, consistin<r of minute 
mineral parts more or lesn solid and more or less intimately 
and firmly united, knit, or cemented together. By this 
definition it will be seen that we exclude the animal and 
Y^etable kingdoms; it may therefore be well to add 
that under the term mineral we include all mineralised 
remains of organic bodies. 

Most rocks are nuide up of parts of two or more different 
minerals, in which case they are termed composite. Some 
rocks, however, consist essentially of particles of one mine- 
ral only, such for instance as limestone ; these, in contra- 
distinction to the composite, are termed simple rocks. 

Tlic composite as well as the simple rocks not unfre- 
quently contain subordinate ingredients, besides those 
which are essential to their character* These subordinate 
.ingredients are termed accessory or lum^sientiaL In 
most cases they are inconsiderable in quantity^ or they 
only occur locaUy and do not appreciably alter the nature 
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of the rock ; but sometimes these accessory in^edients 

impart a special character to it, and so to a certain extent 
puss into essentials. Their presence creates the varieties 
of species. 

Tiic constitiiont minerals (wlietluT aore>sorv or essen- 
tial) of any ^iven rock either occur in bc[)arate crystals or 
particles distinguishable by the naked eye, or tliey consist 
of small finely divided particJes so intimately blended to- 
gether as apparently to form a homogeneous mass ; never- 
theless, in the latter case, their separate existence may be 
generally recognised by magnifying power. 

The first and principal requisite for the student of 
Lithology is to be able to recocrnise and determine the 
minerals uf which a given rock consists. This is in many 
cases no easy task ; he must therefore have a competent 
knowlodo-e of mineralo<ry. Not with a view adequately to 
supply tiie want of such knowledge, but by way of intro- 
duction to our subject, and for the purpose of reference 
in the absence of more comprehensive works, we propose 
to give in this chapter a brief notice of the principal 
minerals with which we have to do in examining the 
structure of rocks, adding such particulars as are more 
especially useful for our present purpose. 

The number of these principal minerals is relatively 
very small. They may be classed under the following 
comprehensive names: — Felspar, Quartz, Mica, 
HouNBLENDE (Amphibole), Pyuoxene (Augite), 
Calcspar, and Dolomite. The following occur less 
frequently : — CuLOBiT£, Talc» Leucite, NePH£L1N£, 

Olivikb, Tourmaline^Oarnet^ Gtpsum, Coal> some 
SuLPHURETS; and some Iron Orbs. 

The number of the accessory ingredients is very much 
greater, and indeed almost unlimited; that is to say, 

under certain circumstances almost every known mineral 
niay occur as an accessory in any rock, and the essential 
iii<»redients of one rock frerpicntlv occur as accessories in 
anollit !■ rock. But altlioujjfh we may sjiy with truth that 
the numljer of the accessory minerals is without limit, yet 
in fact only about a quarter of the number of hitherto 
known minerals occur in rocks so abundantly and fre- 
•quently as to be specially noticed in a treatise of Lithology. 
One consideration is particularly deserving the atten- 
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tion of the scientific observer of rocks ; we refer to what 
is termed by Breithaupt the * Paragenesis * of minerals. 

By this is meant the law of mutual assuciatiun or repulsion 
of certain minerals. It is well known to iiiincralogists 
that the presence of one mineral very frequently denotes 
the neighbourhood of another, and, vice versa, tliat the 
presence of some minerals ibrbids the simultaueous pre- 
sence of certain others. 

In 1849 Breithaupt first treated this subject, and pub- 
lished in his ' Paragenesis der Mineralien ' a great number 
of remarkable instances of this law. We may, for the sake 
of illustration only, select the following as examples : — 

1, Minerals which are usually associattid. together 
Quartz and mica ; orthoclase, quartz, and mica ; ortho- 
clase and oligoclase ; labradoHte and augite ; oi ihucdase 
or oligoclase and hornblende ; hornblende and epidote. 

2. On the other hand, quartz and augite appear each to 
exclude the presence of each other ; also (according to 
Hoth) labradorite and hornblende (?). 

We are unable to pursue this important subject in this 
place ; we have been compelled to confine ourselves, in 
the following notice, to appending a few of the more im- 
portant instances of paragenesis to the description of 
some of the principal mineral classes. 

As to the much-debated question of classification of the 
minerals, we have adopted one which appeared to us best 
suited for our present purpose ; it is not exactly that of 
any one author. We have placed a few of those minerals 
first which are of the most frequent occurrence ; otherwise, 
the arrangement adopted will be found to correspond in 
Beveral respects with Dana's * System of Mineralogy.' 

The folloMring are the abbreviations we have used :— 
H. for hardness; S.G. for specific gravity \ Cp. for 
chemical composiHon ; Bp. for before the blowpipe. The 
quantities of the chemical elements we have given in 
round numbers, as bcino- sufficient for our ])resent pur- 
pose. In the chemical formulae we have, for the sake of 
convenience, adopted the abbreviations usual on the Con- 
tinent, of expressing the oxygen atoms by dots, and a 
stroke to denote a double atom ; thus, Fe^O^ is written 

>^e. We subjoin the following list of formulae for the 

elciuentary bodies and their simple compounds : — 

B 2 
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CHEMICAL 

Al Alaminuiii, Aluminium 

Ai Alumina 
Ag SilT«r 
As Ataonic 

As Arsenic Acid 
Au Gold 
Ba Barium 

Ba Baryta 
B Boron 

B BoracicAcid 
Ga Calcium 

(?a Lime 
G Carbon 

G Garbonio Add 
Ob Colmnbium, Niobium 

6b GolumbieAeid 
Ge Cerium 

Ce Protoxide of Carium 
CI Chlorine 

HClHydrocbloric Add 
Cr Chromium 

Cr Oxide of Chromium 

Ct Chromic Acid 
Go Cobalt 

Co Oxide of Cobalt 
Gu Copper 

Ctt Oxide of Copper 
Fe Jum 

Fe PiotoMdeof Iron 

I'e Peroxide of Iron 
F Fluorine 

HFHjdrotiuoiic Acid 
G Beryllium or Giiicinum 

G Gluciua 

Hg~ Mercury 

H Hydrogen 

H Water 

K Potaoaium 

K. Potassa 
1 La Lanthanum 

ILa Protoxide of Lanihanam 



SYMBOLS. 

Li L&tbium 

Li Liihia 
Mg Magnedum 

Mg Ma^esia 
Mn Manganese 

Mn Protoxide of Manganese 

Mn SesquioxideofMangaueae 

Na Sodium 

Na Soda 
Ni Nickel 

Ni Fiotoxide of Nickel 

N Nitrogen 

N Nitric Acid 

O Oxygen 
P Phosphorus 

P Phosphoric Acid 
Pb Lead 

Pb Oxide of Lead 
Se Selenium 
Si Silicon 
Si Silica 
Sn Tin 

Sn Oxide of Tin 
Sr Strontium- 

Sr Strontia 
S Sulphur 

S Sulphuric Acid 
Ta Tantalum 

fa Tantalic Acid 
Ti Titanium 

Xi Oxide of Titanium 

% TitameAdd 
y Vanadium 

Y Yttrium 

Y Yttria 

Zn Zinc 

Zn Oxide of Zioc 
Zr Zirconium 
Zr Zirconia 
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I. Oxygen Compounds. 

A. OXIDES OF SILICON AND ALUMINUM (EARTHS). 

1. QutETtz, — ^Bhomboliedral crystals, usually combinations 
of two rhombohedroiiB and hexagonal prism. Cleavage accord- 
ing to the planes of one rhombohedron, bat imperfect. Frac- 
ture conchoidal to uneven and splintery. H.=7. S.G.=2-5 — 
2*8. Colourless and hmpid, or yariously coloured, forming many 
varieties. Lustre vitreous, sometimes resinous, especially on 
the surfaces of iractore. Cp^sSi, with admixture of minute 
particles of colouring oxides. Two modifications of chemical 
composition are distinguished by their diflTerent degrees of solu- 
bility. The one is insoluble in water and in every acid, except 
hydrofluoric acid ; the other is soluble in water at high tem- 
peratures, especially in the presence of other acids and alkalies. 
The insoluble variety of quarts may, in process of time, be- 
come converted into the soluble by the contact-influence of 
infiltrated moisture. The soluble variety of quarts, in small 
proportions, is found in many waters of springs and rivers, 
and in the sea, e. g., at the Geysers in Iceland, up to T giso 
per cent, and in sea-water to ipooo^ percent. Bp. infusible ; 
with soda fusible to a clear glass with efl'ervescence. Not 
affected by phosphoric acid. 

(a) Comnum Qmrtz^ the most abundant of all minerals. 
It is found : — 
(a) As an independent rock. (Seejpost) 
(fi) As essential ingredient of many crystalline rocks, espe- 
cially the plutonic. In most kinds of graaiite, in gT^isen, 
and in the crystalline schists it is found in crysiaiime 
grains. In quartss-porphyry, rhyolite, and, excep- 
tionally, in some kinds of granite (e.g. St. Austell, 
Cornwall), it is perfectly crystallised. 
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(y) Ab acoessoiy constitaent mass of oome rocks (such as 
CTTstallxne scluflts), in form of veins and fnvelHngs, or 
ciotiiiug the interior of geodes in other rocks (e.g. in 
the granites of Switaserland, Carrara marble, ihe 

variegated sandstone of the Schwarzwald, *fec.) The 
quarts of the geodes is frequently in the form of 
transparent crystals (rock crystal), or in greyish- 
brown to black crystals (smoky quartss, £»l8e topaz). 
(h) As principal ingredient of many fragmental rocks 
(sandntones, conglomerates). As sand and gravel in 
beds of deposit. 
(h) AmMysf. — ^Violet, coloured by the oxide of mangunese. 
(c) Chalcedony, — An intimate admixture of crystalline and 

amorphons silica. 
(^d) Agate, — A variegated combination of common quartz, 
amethyst^ jasper, camelian, and other varieties of quartz, 
arranged in alternate stripes or layers, or irregularly 
mixed together. 

[b, r, and d chiefly occur in the geodes of volcanic rocks (in 
Iceland, Faroe Islands, the Brazils^ &c.), or in metallic yeins 
(e.g. in Saxony).] 

(e) Jfltsper. — ^Very frequently in globular masses (ball-jiisper) 
coloured red by the peroxide of iron ; found in the bog 
iron-ore of Briesgau, in Germany, and elsewhere, or 
coloured yellowish-brown by the hydrated oxide of 
iron. (Occurs in form of pebbles^ e«g. in the sand 
of the Nile and Desert.) Jasper sometimes forms 
subordinate layers in other rocks* 

(/) Flmd. — Coloured greyish-blue, or black, by presence of 
carbon. Occurs as a concretionary formation in sedi- 
mentary limestone rocks, e.g. in the Chalk of England 
and France, in the Upper White Jurassic of the Fran- 
conian Switzerland in Bavaria. 
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(g) Gherl^ JTomsione is distingnislied from flint by its more 
splintery ^ctare, by its traDsparency, and colour, 
which is grey, yellow, green, red, or brown, resembling 
jasper. It frequently fomishcs the material of ibsails, 
especially of fossil wood (woodstone). 

There are at least three different processes in nature whicli 
hare contributed to the formation of quarts. 

Quartz liaa been formed: — 1. By organic agency. The 
siliceous needles (spioulie) of sea-sponges, the siliceous 
shields of certain Protozoa (kieselguhr, tripoli), and many 
plants (especially grasses) either contain quartz, or consist 
entirely of quarts. 2. By agency of water. The concre- 
tionary formations of flint, jasper, &c., the crystals and 
amorphous quartz contained in.geodes, and many formations 
at springs which consist of pure quarts, and are termed 
freshwater quartz. 3. By hydrophitondc agency. Daubree 
has actually produced quartz, by way of experiment, through 
the agency of steam on chloride and fluoride of sihcon. 
Many kinds of quartz have no doubt been produced by pure 
platonic agency. 

2. Oj)al. — Amorphous, massive. Fracture conchoidal to un- 
even; friable. H.=5*5— 6'5. S.a.=l'd— 2*3. Colourless or 
variegated with rich play of colours. Transparent to opaque. 
Lustre vitreous, also resinous. Possesses many varieties, dis- 
tinguished by their different colours and degrees of trans- 
parency. Gp. amarph(ms 8i combined with water, in varymg 
proportion (up to 13 per cent.), and small quantities of colour* 
ing matter. It is disliiiguishable from quartz by being almost 
entirely soluble in potash ley, in matrass yields water. Bp. most 
kinds of opal decrepitate ; otherwise behaviour like quartz. 

Occwrr&nce and Mode of Formaiion, — Opal is never an essen- 
tial ingredient of rocks, but is of very frequent occurrence 
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as a secondaiy product^ fonuBhing tlie interior of small 
neats^ and filling Tesicolar caTitieB in yolconic rocks, or cloth* 

iiig the surfaces of clefts in the same rocks. In these 
and similar cases the opal is a product of exfiltration from, i 
the rock in or near which it occurs. Thus, the precious opal 
found in the trachytic rocks of Hungary, the colourless 
hyalite in clefts of basalt and .la^a (Bohenua, AuTergne). 
In rare cases, however, opal forms independent layers of ; 
small extent (riband opal) in siliceous rocks, e.g. in the | 
tripoU of Bilin. The variety known a.s menilite occurs in 
knobs and layers embedded in the adhesive slate of Menil 
Montant, Paris. 

3. Corwnckim, — Occurs in rhombohedral crystals, or gran- | 
ular aggr^ates (emery). Cleavage basal, also rhombohe- 
dral in various degrees of perfection. Fracture conchoidal 
to uneven and splintery. H.s9. S.G.s3'9 — 4*2. Colour- 
less or coloured blue (sapphire), red (mby), or cloudy 
(corundum). liostre vitreous, and frequently, on the basal 
cleavage sur&ce, mother-of-pearl lustre. Transparent to 
translucent. Cp.=Ai, with small quantities of Mg, Ca, Si. 
Bp. inAunble when alone, perfectly i^amble with borax, but not 
without difficulty ; not affected by acids. Occurs as an 
original product accessorily in many rocks (granite of Silesia, 
basaltic lava of Niedermendig on the Bhine, dolomite of 
the St. Gotthard). The precious varieties are chiefly found 
in alluvial beds (Ceylon, China). Emory forms separate 
masses of deposit in the talcose schist (Naxos, Saxony). 

B. SILICATES. 

(a) FELSPAR SECTION. 

The £9lspars are, after quarts, the most important of all 

ingredients of rocks. We distinguish two principal kinds 
of felspar, the orthoclastic (monoclinic), the two most per- 
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feet cleavage planes forming aa angle of 90°, and the pla- 
gioolaatic (tricludo) with an angle of lem thaii 90^. All 
felspars have a great tendency to form iwm crystals, and 
this duplication occqtb in them in a yery marked manner, 
and aoooiding to six different laws. # 

OrihoektsHe FeUpars. 

4 Of^^kwe.— Monoclinic. Gleayage liaaal and olinodia- 

gonal, very perfect in both directions, hcmiprismatic, im- 
perfect. ^Fracture conchoidal to nneyen and splintery. 
H.=s6. S.G.=2*4 — ^2*62. Colonrless, sometimes limpid, more 
frequently coloured, especially reddish, yellowish, rarely 
green (amazon stone coloured by copper). Lustre Titreons, 
frequently with mother-of-pearl lustre on the most perfect 
deavage surfaces. Possesses every degree of transparency, 
sometimes with iridescence or play of colours. Op.=KSi+ 
MBi^ with 66Si, IBM and 17K. A portion of the AI is 
frequently replaced by Fe, or Mn, and a portion of the K is 

sometimes replaced by Na or Ca. Bp. fbsible with difficulty, 

and only at the edges, where it forms a dull porous glass. 
The Yarieties which contain soda colour the flame yellow. 
In microcosmic salt it is only solnble with difficulty, leaving 
behind a skeleton of silica. With cobalt solution the fused 
edges are colonred blue. I^ot snsceptible to tibie action of 
adds. 

Varieties of Golcmir and Lustre. 

(a) Adularia. — CJolonrless, or only slightly colonred, with 
bright lustre, transparent to semi-transparent. Essen- 
tial ingredient of the adnlaria-granite and adnlaria> 
gneiss abundant in the Alps, also frequently found in 
the geodio cavities of granitic rocks (St. GU>tthard). 

(5) Common Felspar (Pegm^toUie, Mim>clme), — Varionsly 
coloured, less lustrous than adularia, translucent to 
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opaqne. A diaTacteristic ingredient of yery many 

rocks, especiailjr amongst the pi u tonic, suck as granite, 
gneisSy syenite, porphyry, frequently large felapar 
crystals (snch as the so-called Carlsbad twins) occur 
^ porphyritically embedded in an otherwise regularly 
^ constitated rock (e.g. in the granite of Carlsbad in 
Bohemia, and of Cornwall, porphyry of Ilmenau), or 
larger crystals clothe the sides of geodes (as in the 
gruiite of Bareno and the rocks of the Monme Moun- 
tains, in Ireland), 
(c) Sanidme, — Colonr greyish- and yellowish-white, also 
grey* Lustre vitreous, very bright, transparent, trans- 
lucent. The crystals are yery often split and creyiced. 
It forms a very characteristic ingredient of genuine 
volcanic rocks, and only occurs in these. Thus it is 
found in phonolites, trachytes, pitchstones, obsidian, 
and lavas. Sometimes it occurs porphyritically in 
large tabular crystals, as in the trachyte of Dra- 
chenfeis. 

Flagiodastie Fehspars, 

All plagioclastic felspars are triclinic ; they cleave perfectly 
according to the base and the brachydiagonal, imperfe<stly 
according to the hemiprism. 

6. -dZ6ife,— Fracture uneven. H.=s6— 6-6. S.G. = 2'59— 
2*65. Colourless or light red, yellow, green, or brown. Lustr« 
vitreous ; mother-of-pearl lustre on the basal cleavage sur- 
&ce8. Transparent, translucent. A white and usually 
semi-opaque variety termed pericline, is distinguished by 
its constant ciystallographic habitus. Cp.ssNaSi-i-AlSi^s 
69Si-f.l9Al^-|-12Na. The Nais frequently in part replaced 
by Ca^ K, or Mg. Bp. it fuses with dif&cully, colouring the 
flame yellow. It is scarcely affected by acids. Albite is 
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freqiiently found associated in parallel growth with ortho 
clase. It is likewise a characteristic ingredient of many 
dioriies and granites. Exceptionally crystals of albite are 
found in compact limestone (Col du Bonhomme). 

6. OUgoela8e.—¥Tactaie uneven. H.b6. S. G.=:2'58 — 
2'69. Colour greyish, yellowish, or greeuisli. Lustre upon 
the principal deavaige snr&ce yitreons, otherwise resinons. 
TJsnally is mnch weathered, and in that state dull ; in its 
heah. state traoslacent at the edges, Cp. = NaSi-f AlSi^ as 
62Si+24ll+14Na. The Na replaced in port (up to 6 per 

• • • • 

cent.) by Ca, K and small quantities of Fe or Mn. Bp. fuses 
much more easily than orthoclase and albite, forming a clear 
glass. Little attacked by acids. Oligoclase is an essential con- 
stituent of diabase, diorite, and keraantite; it is frequently 
associated with orthoclastic felspars as a constituent of many 
kinds of gramte (Stockhohn), syenite (Dresden), porphyrj- 
(Southern Tyrol), and trachytes (Hungary). 

Andesine may be considered as an oligoclase rich in lime. 
It has mnch the outward appearance of albite. It is an 
ingredient of many trachytic rocks of the Andes, and likewise 
of many crystalline rocks of the Yosges. 

7. Idzbrad&rite.'-IL. = 6. S.G. := 2*67— 276. Rarely co- 
lourless, usually grey, reddish, bluish or otherwise coloured ; 
nsoally displays a rich play of colours. Lustre vitreous, 
sonletimes resinous; translucent, *but usually only at the 
edges. Cp.s BSi+ Al^i = 6aSi+30Al ± I2Ca+ 6Na. Bp. 
fiises somewhat more readily than oligoclase to a colour- 
less glass. Unlike other felspars, its powder is thoroughly 
soluble in heated muriatic acid. Labradorite is an essential 
constituent of many, and especially of the augitic, rocks, 
e.g. dolerite, basalt, gabbro (Isle of Skye), hypersthenite, 
and many lavas of Etna. 

Sam^rite (Jade) is probably only an impure labradorite, 
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bearing somewhat the same relation to it as felstone to 

orihoclaae. It remams unchanged by acids, occurs only in 
compact or finely gmiiilar masses, and foims an essential 
constttaent of many kinds of gabbro and greenstones. 

8. AwyrihiU,—il.^ 6—7. S. G. = 2 t)6 — 278. Colour- 
less, white. Lustre, mother-of-pearl on the deavage sni&oes, 
otherwise vitreous ; transparent to translucent. Cp. = R'Si 
+ 3A1Si = 43Si+87Al+20Ga. The Ca tephwed by Mg, K, 
and Na to the extent of 5 per cent. Anui thite is completely 
soluble by concentrated muriatic add, without geUUmUmffy 
but is distinguished from labradorite by its being more diffi- 
cult of ^ion. It is an essential constituent oi the orbicular 
diorite (Kugeldiorit) of Corsica and of many ancient lavas 
(Monte Sonuna). It is also foimd in meteoric stones. 

Some Aids for distinguiahmg ike FeUpa/r Species, 

(a) Crystallogra/phic Signs, — When the light is brought to 
play on the ba^l cleavage plane of the orthoclastic fel- 
spars it presents an unbroken snif ace, or in case of twin 
crystals (according to the Carlsbad law) is duuble ; 
whereas in the case of the plagioclastic felspars a fine 
parallel striping is usually observed, occasioned by the 
parallel growth of numberless individual crystals as thin 
as leaves of paper. This striping, when observable, is a 
very characteristic but its absence is nut e^^ualiy so. 

(fi) Signs of Neurogenesis, — ^The following minerals are fie- 
quently found in comparing: Orthodase with oligo- 
clase ; orthoclase and oligoclase with hornblende ; 
labradorite with pyroxene. 

On the other hand, we seldom or never iind together : 

the alkaU felspars (Kos. 4. 5, 6) and the calcareous 
felspars (Nos. 7, 8); or orthodase with pyroxene; 
oligoclase with leucite and nepheline ; labradorite with 
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Hornblende; labradorite or ftnorUiite with quarts or 

leucite. 

(y) The weathering of felspars is noteworthy, and is parti- 
cularly useftil for purposes of distinction where two 
Bpecies are found together in one rock. Xiabradorite 
and oHgoclase weather more readily than orthoclase, 
orthoclase more readily than albite. Bearing this law 
in mind, if we have determined the species of the on* 
changed felspar, we may nsnaUy determine the other 
with a high degree of probability. 

(^) The chemical and physical characteristiGS of felspars 
have been already noted as above. 
. As regards the origin of felspars : — 
They are sometimes clearly the result of wet process ; 
evidence of which is their appearance in veins and 
clefts, also the psendomorphs which we find after 
leucite, analcime, laumoutite, &c. 

Sometimes metamorphic, for Danbr^e snoceeded in pro- 
ducing sanidine-like crystals by subjecting obsidian to 

the influence of overheated steam. 
And sometimes plntonic, as is proved by the presence of 
felspars in lavas and many other rocks of undoubted 
igneous origin, as also in the slags of smelting fomaces. 
Finally, some are the result of process of snblimation. 
Thus, crystals of felspar have been found in blown-out 
faxnaces, and, reasoning from analogy, we may suppose 
the same process to have taken place in nature. 
9. Kaolin may be put as an appendix to the felspar group, 
as it is a product of the disintegration of orthoclase, albite, . 
and other felspars. Its chemical formula may be stated 
as !^Si-h2H or APS> + GH. Occasionally kaolin is the 
result of the decomposition of whole rock masses (granite 
of St. Stephen's in Cornwall, gneiss of St. Trieux, near 



Digitized by Google 



14 MINERALS. 

♦ 

liimoges, granuUte near Paasau). It occurs only in primary 

formations. On the other hand, the clays (which, in a che- 
mical point of view, may be called impure kaolin) always 
occor in secondary formations. 

More or less allied to kaolin are the following minerals, 
all of whose composition is, however, more or less indefi- 
nite, viz. Uthomarge, myelin, halloysife, hole or bolus, roclc- 
soapi and a^ahnatolUe. These sometimes occur as separate 
independent mineral deposits, bnt principally are found filling- 
cavities and nests in various rocks, in which latter case they 
are to be regarded as products of exfiltration from those rocks. 
Chemically they arc all hydrous alLiiuiiious silicates, and in 
appearance may easily be mistaken for soapstone, talc, 

Leucite and Nejjheline Crroujj. 

The minerals of this group, which in many respects are 
closely allied to the felspars, are without doubt of contem- 
poraneous origin with the volcanic (or plutonic) rocks, in 
which they occur as essential constituents. They are, there- 
fore, almost slways, if not always, igneous products. We 
do not, however, mean to dispute the possibihty of some 
having arisen by wet process. The most questionable of all 

» 

in respect of origin is probably lapis lazuli. 

10. Sodalitc. — MoDometric in dodecahedrons ; cleavage, 
accordingly, also massive. Fracture conchoidal to uneven. 
H. = 5*5— 6. S.G. = 2*26. Colour yeiiuwish, greenish- 
white, greenish-grey, and blue. Lustre on crystal sur- 
faces vitreous ; on fracture surfaces resinous. Translucent. 
Op. = Na^Si + 3AlSi+NaCL Bp. fuses, with more or less 
difficulty, to a colourless glass, sometimes with intumescence. 
Gelatinises with muriatic and nitric acids. SodaUte is an 
essential constituent of miascite, and an accessoiy in other 
igneous rocks (dulerite at the Kaiserstuhl). 
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11. Laj^ laztUi (ultramarine), — Mouometric in dodeca- 
hedrons; cleavage accordingly, nsoally massive. H.s:5'5. 
S. G. = 2*4. Colour azure-blue. Lustre glassy, resinous. 
Trauslnoent at the edges to opaqne. Cp. a silicate of M 
with. Ka and Ca, containing also NaS. Bp. loses its co- 
lour and fuses to a white vesicular glass. Qelatinises with 
muriatic acid, and evolves HS. Lapis lazuli is found as an 
accessory in granite, limestone, and dolomite. 

12. Mawyne. — Monometric in dodecahedrons ; cleavage, ac- 
cordingly, usually in crystalline grains. H. = 5*5. S. G. 
=s 2*4 — 2*5. Colour blue, rarely green or red. Lustre vi- 
treons to resinous ; semi-transparent to translucent. Cp.ss 
Na^Si+3AlSi+2CaS. Bp. decrepitates violently, and fuses 
to a blue-green vesicular glass. Gelatinises with muriatic 
acid. It occurs in single crystals imbedded in the lavas of 
ac^ve volcanoes (Yoltorara^ near Melfi), or in the basaltic 
lavas of extinct volcanoes (Niedermendig, on the Rliine), in 
which latter it is characteristic as an accessory mineral, and 
occasionally occurs in such quantity as to have given rise to 
the name of Hauynophyre for those rocks. 

Nos€4m is very similar to haUyne in its mineralogical 
character iiud geological habitat, usually yellowish-grey or 
greyish-white. In Brava, one of the Cape Verde Islands, 
there occurs a porphyry rock, consisting of very numerous 
small crystals of nosean in a felsitic mass. Cp.sss Ka^Si-f- 
8AlSi-|-NaS. 

13. Leudte. — Monometric, only known in trapezohedrons 
(embedded). Cleavage cubic, imperfect. Fracture con- 
choidal. H. — 5'5 — 6. S. G. — 2*48. Coluiir grcyih^h or 
reddish-white, also ashen-grey. Lustre vitreous, in fracture 
resinous. Semi-transparent to translucent only at the edges ; 
brittle. Cp. = K^iSi^ + i3AliS 2. Bp. unchanged ; with cobalt 
solution coloured a beautiful blue; with borax melts to a 
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dear glass. Qelatmtses with muriatic acid. Leucite is a 

frequent and very characteristic constituent of recent ig- 
neous rockSy in which it appears to some extent to be a sab- 
stitnte for felspar. It is especially frequent in basaltic lavas 
(leucitopbyre), in which it always appears porphyriticaUj' 
imbedded. Jn. the older rocks lendte is nnknown. 

14. Ne^helinc {Davyne^ Eloiolite). — Hexagonal. Crystals 
with imperfect basal and prismatic cleaTSge, or massiye. 
Fracture conchoidal to nneven. H.=:5*5 — 6. S. G. =2*5 
— 2*64. Colourless, white and usually crystallised (nephe- 

• line), or green, red, brown, and then massive (eliBolite). 
Lu£itre on crystal sur&ces yitreous ; on fi:>acture siu faces 
pre-eminently resinous. Transparent to transhicent at the 
edges. Cp. = (NaK:)«Si + 2AlSi = 44Si + 33A1 -f 16Na -f 5K 

(with small quantities of Fe and Ca). Davyne, which is 
very similar, both chemicslly and mineralogically, contains, 

in addition to the above, some CI and C. jBp. nepheline fuses 
with difficulty, and ebsolite readily to a vesicular glass. 
Slowly dissolved in borax and phosphor-salt. The fused 
edges are cobured blue in cobalt solution. G^elatiniaeswith 
muriatic acid. It occurs in geodio cavities of lavas, and as 
an accessoiy constituent of dolente and basalt. In these 
rocks it sometimes forms a complete substitute for the fel- 
spar, producing nepheline rock. Finally it appears as an 
essential constituent of some of the older plutonic rocks 
(miascite, zirconsyenite). In dolerite it may be recognised 
by its forming short thick columns, whilst the apatite, which 
is associated with it in tiiose rocks, assumes the form of 
acicular hexagonal columns. 

(6) AUaiTE SECTION. 

15. Hornblende {Amphibviti), — Monoclinic. Crystallised or 
massive, in stalklike or granular aggregates. Cleavage pris- 
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matio, very perfect ; in other directioiifl imperfect. Fracttire 
uneven. H. = 5 — 6. S.G.=2*9 — 3'4. Colour passing £rom 
wliite through various ahadea of green and hrown to black. 
Streak either colourless or lighter than the colour of the 
mineral. Lustre vitreous, on oleavage surfiices mother-of. 
X>earl; the fibrous yarieties silky. All degrees of trans- 
parency to the opaque. Cp. variable. We may give as a 
normal formula, B^Si^+BSi, in which R = ICg, Ga, and Fe, 
and Si is sometimes partially replaced by Al. Bp. these 
mineraLs usually fuse, wil^ intumescence, to a grey, greeniahf 
or black giaiis, and the more readily the more iron they con- 
tain. The varietiefl richest in iron are partially decomposed 
by muriatic acid ; other varieties are little affected by that 
acid. 

(a) TremoUte (QrammatUe^ Oalamte), — Of light colour, 
semi- translucent. Iruu iiuL an essential ingredient. 

Cp. =r Mg^Si^ + CaSiB60Si+ 27Mg + 120a. UsnaUy 
imbedded in granular limestones and dolomites, in the 
form of long columnar crystals, or long stalklike or 
fibrong masses. 

(6) Actinolite (^StrahUtein^ Glassy Actinolite). — Colour green. 
. Op. like tremoHte. Occurs as an accessoiy in talo- 
Bchist, ohlorite-schist^ Ao» also as an independent rook 
(actinoUte-schist) . 

(p) Hornblende (proper). — Colour dark-green or black; 

opaque. Cp. rich in iron and alumina. Forms an 

independent rock of itself, or occurs a« an essential 

constituent of many compound rocks (syenite, diorite, 

many kinds of gneiss and porphyry). Occurs in the 

form of very perfect brownish-black crystals, imbedded 

in basaltic and trachytic rocks. A vanet/ of the 

mineral is termed gamsigradite, and forms an essentiai 

constituent of the rock timazite« 

O 
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(d) Uralite has ihe same cleavage, stractorey and compoBition 

as hornblende, bnt the exterior form of angite. Crystals 
of this mineral occur in many greenstones (uralite- 
porphyries). — (Predazzo.) 
(a) Asbeatus aud amianihiis are fibrous varieties of tremolite 
and actinolite. In the variety known as Mountain 
leather the fibres are closely interlaced, or woven like 
felt. These minerals hli cavities and clefts in lizne- 
stone and serpentine. 
(/) Nephrite and Jade may be here added. They consist of 
a compact white or light-green translacent mass, with 
splintery fracture. Cp. very variable, soinctinies liiat 
of tremolite. It is not a rigidly-defined mineral ; 
forms independent layers as deposits between taloose 
rocks (in Turkey, New Zealand, <fec.). 
16. Pyroome (Augiie). — ^Monoclinic. In ciystals imbedded 

or attaclie d, or in stalklike, scaly, or granular masses. 

Cleavage prismatic, but usually less perfect than hornblende. 

Fracture conchoidal to uneven. H.=5 — 6. S.G.=£8*2 — 8*5. 

Barely colourless. Colour usually grey, green, or black. Lustre 

vitreous, sometimes mother-of-pearl. All degrees of trana- 

• • * • < 

pareucy. Cp.=R'*Si', but very variable. iSi partly replaced 
by Al; B=Ca, Mg, Fe, Mn. Bp. the pyroxenes fuse (some 
quietly, others with some effervescence) to a white, grey, 
green, or black glass. Usually they are with difiiculiy re- 
ducible by microcosmic salt ; those that contain Al almost not 
at all. Almost all exhibit the reaction for iron, the white 
and light-coloured varieties manganese. Imperfectly decom- 
posed by acids. The following ndneralogical varieties are 
distingmshed : — 

(a) Diopside. — Light-coloured, transparent and translacent 
varieties, and 

(Jb) 8<Uite» — Green, translucent only at the edges ; nsnallj 
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foliated. Tliis and the last are without mnoh geological 
importonee. A sahHte, termed malahoMtey is however 
found sei^arately imbedded in the granular limeAtone. 

(c) Autfite. — Green to black, opaque. ' Occnrg as an essential 

ingredient in basalt, doierite, diabase, and many layas. 
Frequently in the form of perfect ciystals porphyriti- 
cally uii bedded. Also found in meteoric stones. 

(d) Omphcmte, — Grass-green, always accompanied by garnet, 

and together with it forming eklogite. 

(e) Hyp&nthene (Pcudite), — ^Beddiah-brown, greenish-black, 

or black, with metallic mother-of-pcarl lustre on the 
&ceB of most perfect cleavage, and sometimes a change 
of colours showing a copper-red tinge. Lustre other- 
wise vitreous or resinous, in thin lamellae translucent. 
Op. very poor in lime, rich in iron and manganese. 
Hypersthene is an essential coiistituent of the rock 
hypersthenite (Penig in Saxony, Isle of Skye, Southern 
Tyrol). Otherwise it is usually an accessory, and is 
especially Irequent in gabbro. 

A^jpendix to Pyroxene. 
DiaMage {SmamgdM)^ which is an essential conati- 
tuent of many gabbro rocks, is only a peculiar variety 
of pyroxene or hornblende, or perhaps a mixture of 
both. 

The foiiuwmg are hydrous products of the decomposition of 
pyroxene : — 

ScMUerspofr, — ^An essential constituent of schiUer rock 
(Baste, in the Harz), accessory in serpentme. 

PoZo^ontfe. — ^The principal ingredient of the tufa of 
that name (Sicily, Nassau). 

Qreen JBarth. — ^Frequent in -vesicular cavities of 
amygdaloids and in basaltic tufas. 

OS 
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The distinctiou between hornblende and pyroxene is ex- 
tremelj important lithologiGaUj, but is often attended with 
considerable difficulty. Some assistance may be derired from 
the foUowing remarks :— 

(a) A3 to OryMUographde Differences, — Only recognisable in 
cases of granular texture, where the crystals are tolerably 
perfect. One of the most essential and best-marked 
differences consists in the different angles of tiie 
cleavage prisms of the two minerals (and those are 
nsnallj identical with the angles of the exterior &oes 
of the crystal.) In hornblende the larger angle of the 
prism is 124^ 30' (giving a ocmplemeut of 55^ 30') ; 
in pyroxene the angles are 87^ 5' to 92^ 55'. 

(/3) lyifferences ofParagenesis. — ^Rocks containiiig free quartz, 
felspars rich in silica (such as orthoclase and albite), 
or potash-mica as essential constitnents, seldom 
likewise contain augitic minemlB, but if the latter 
occur, ihej are almost inyariably hornblende, and not 
pyroxene. In pyroxenic rocks, quartB especiaUy is 
very rarely found, and if present is only accessoiy 
(eklogite, hypersthenite). On the other hand, labra- 
dorite and magnesian micas are very frequent in such 
rocks, though not exclnsiTely there fonnd. 

Pistacite and pyrites are more frequent accessories 
in homblendic than pyroxenic rocks. The pistacite is 
fonnd adhering to the snrfiEMses of clefts, or in geodic 
cavities, and would appear in most cases to be a pro- 
duct of the decomposition of amphiboKte. 

Leucite and oHvine are cbaraoteristio as aoccBSory 
minerals in pyroxenic rocks. 

As a Tcrj general rule, we may characterise Iioth- 
blende as the constituent of the plutonic, pyroxene as 
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that of the volcanic igneous rocks. Nevertheless, 
sometimes both, are found together in the same rock 
(basalt, omphactte, trachyte of Etna). In this latter 
case the pyroxene is the older formation of the two, 
Le. it has cooled and become solid more rapidlj than 
the hornblende, 
(y) The chemical differmcec between pyroxene and hornblende 
are not marked. It would appear as if one or the other 
might have resulted ixom the same identical mass ac- 
cording to the conditions nnder which it cooled and 
solidiiied. The origin both of hornblende and of 
pyroxene may be of Tarioos kinds. 

The possibility of their i'ornuilion by wet process 
during the development or the transmutation of a 
rock's mass has been proved by Daubr6e, who actually 
prodaced diopside by subjecting glass to the influence 
of the thermal waters of Plombieres. 

Many of the crystals which are found disseminated 
in limestone rocks would appear to be the result of 
metamorphosis (Pargas, Tyrol). 

Again, both these minerals may be products of sub- 
limation (Elie de Beaumont, Sacchi), or they may be 
simple products of igneous action, since we find in the 
slags of smelting furnaces products of precisely similar 
form and composition. 
17. Spodwmene {2}n^hane), — Monoclinic, isomorphous with 
pyroxene; crystallised or massive in broad fibrous or scaly 
masses. Cleavage ortliodiagonal and prismatic. Fracture 
uneven. H.=6*5 — 7 S.G.=3'1 — 8*2. Lustre vitreous, with 
mother-of-pearl lustre on the cleavage surfaces. Colour 
greenish-grey to apple-green. Translucent, but frequently 
only at the edges. Cp. = Li'Si* + 4AlSi' frequently with some 
Na^ K, or Ca. Bp. intumescent ; colours the flame red, but 
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weakly and transitorily. Fases eanly to a clear glass. When 
mixed with Ca F and KS^, it gives a purple-red Hame. Is 
not affected by acids. Spodnmene is found imbedded in gra- 
nite (Uto in Sweden; Killiney Bay, Ireland; Peterliead, 
Scotland). It also occnrs in the qnarbs yems of mica-scbist 
( Massacbnsetts) . 

KiUimte is a product of the weatlLering or decomposition of 
spodnmene. 

(c) UlCA. SECTION. 

. This is a section of minerals distingoished by their pre- 
eminent foliation (basal cleavage) to a degree not known in any 
other mineral. As regards origin, they are in part purely 
plntonic, being fonnd even in the most recent igneous rocks. In 
part however, they are pruducts of wet processes, and we find 
pseadomorphs aiter felspar, tourmaline, and other minerals. 

18. Potash-Miea (Phengite, MuseovUe, Binaxial Mica). — 
Trimetric with mouoclinic aspect. The crystals usually appear 
as rhombic or hexagonal plates. Sectile, and its thin lftmiTia& 
elastic. H.=2— 2*5. S.G. =275—31. Colourless, frequently 
white, and various shades of yellow, green, or red. Light 
colours are characteristic. Metallic mother-of-pearl lustre. 
Transparent to translucent. Optically very distinctly binaxial ; 
the angle of the optical azess=:45^ — 75^. Cp. Tariable — average 

formula=772AlSi -i- KSi ; in which formula m=2, 3 or 4. A 

•« •.. ... 

portion of the Al may be replaced by Fe, Mn, Cr ; a portion 

• • • • 

of the K by and Mn. Strange to say no Ca is to be found 
in any species of mica. The K is usually =8 — ^9 per cent. 
There is usually from 1 — 5 per cent, of water and some fluorine. 

Bp. fuses, with more or less readiness, to a cloudy glass or 
a white enamel. Kot affected by muriatic or sulphuric acid. 

ii'otash-mica is an essential ingredient of many rocks, and 
especially characteristic for the older plutonic or metamor- 
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phic rodcBy thus for many kmds of granite, gneisSf and mica- 

scliist. 

Dcmxmriid^ Mcargwradae^ and other similar minerals of verj 
limited frequency, are, in part at least, prodncte of transmn- 
tatiou of potash-mica. They occasion a transition to the 
oblorites. The same may be said of SerieUe^ a green mineral, 
of silky lustre, which is said to form the base of several crys- 
taUine schists and clay-slates; but it is not yet free from 
doubt whether or not sericite vh entitled to be regarded as an 
independent minuraL List gives the following account of 
sericite — ^H. asl . S. G. ^2*89. Foliated in one direction ; planes 
undulated. Liisti*e silky. Colour greenish or yeiio wish- 
white. 

19. lAthia^Mica (Lepidoliie, TMhicmte), — ^Trimetrie, corre- 
sponds with potash-mica in many crystailographic and phy- 
sical properties, except that its colour is frequently red. 

H. = 2-5— 4. S.G.=2'84~3. The angle of the optical axes 
-70°— 78^ 

Cp. very variable, may be generally expressed by the 
formula mR8i-f-»liSi; m^n=l; or m^2^ n=3; or same- 
times m=S, ns2. Again, a part of the bases, as well as of the 
acids, are compounds of Hiiorme, nut oxygen. The content of 
lithia is usually 2 — 5 per cent., and of fluorine 2 — ^10. Bp. 
fuses very readily, with efflorescence to a colourless, bruwii, 
or black glass. The flame is coloured puiple-red ; with acids 
it is imperfectly soluble, but completely decomposed. 

Ldthia-mica is an essential ingredient of Qreiaen^ very fre- 
quent iu some kinds of granite, and in metalliferous veins, 
especially those of tin. In all these cases this mineral is 
usually associated with other fluorides, such as topaz, tourma- 
line, apatite, 

20. Magne9i€u-Mica {Bioiitej Hexagonal or Uniaxial Mica), 

m 

— ^The name of uniaTial mica is now found to be incorrectly as 
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all magnesia-mioa is binarial, if only slightly. The angle of 

the two axes is for the most part less than 5^^. Trimetric (?) 
cxystala, usually tabular ; usnally eecidle, and in thin plates, 
elastic. H.=2'5 — 3. S.G. - 2*7 — 31. Green, brown, black, in 
general colours usually dark. MetaUic mother-of-pearl lustre. 
Translucent to opaque. Op. very yariable; cbieflysAlSi-f- 

B^Si, in which Al is in part replaced by h'e^ and HrrMg, K, 

_«_ • 

Fe. The Mg=s9 — ^25 per cent. Some fluorine, chlorine, and 
water likewise enter into the composition. Bp. Iuscb with 
greater difficnliy^ than the before-mentioned species of mica, to 
a grey or black glass. It is little attacked hy iniinalif ru id; 
on the other hand, unlike potash-nuca^ it is completely de- 
composed by concentrated salphuric add, leaving a white 
residue of silica. 

The geological area of tnotite is &r more extensive than 
that of potash-mica, for it is not only iuuud in the older 
plutonio rocks and crystalline schists (granite, porphyry, 
^eiss), but also in more recent and the most recent yolcanio 
products (trachyte, basalt, and the corresponding lavas). 

Euhellan and FhlogopUe are minerals closely allied to mag- 
nesia-mica, of which rubeilau is perhaps only a transformed 
product. 

(cQ HTDBOUS MAGNESIAN SILICATES (tALC SECTION). 

These have many characteristics and properties in common. 
Some minerals which contain Fe instead of Mg belong to the 
same group. We may make tiiree principal divisions: the 

Chlorites (21), the Serpentines (22— 26), and the Talcs (26,27), 
The chlorites under certain circumstances may be regarded as 
hydrous mica ; the serpentines and talcs appear chiefly to be 
products of metamorphosis, perhaps occasioned by percolating 
water. The most important species are : — 

21. CJUorUe (JB/ipidoUte), — lihombohedral ; the crystals 
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grouped in the form of comb or botryoidal shape, usually in 
massiye, foliated, or scaly aggregates. Cleavage basal, yery 
perfect; seotile. Its thin lamellaB flexible, bat not elastic. 
H.=l — 1*5. S.G.=2*65 to 2*85. Colour green, in various 
shades. Its crystals are frequently translucent^ and of red oolonr 
when regarded in the direction of the principal axis. Streak 
greenish-grey. Lustre mother-of-pearl. Thin laminad trans* 
parent to translucent. Op.s8R^Si+B^Si-|>12Hs30-*^31 Si+ 
14—19 ^+32—37 Mg+5— 6 Fe. In matrass it gives out 
water. Bp. fiises on charcoal ; with borax it melts and shows 
the reaction of iron. Thm iA.TniTim aj^e decomposed by concen- 
trated sulphuric acid. 

Chlorite forms the most important and essential elements 
of chlorite-schist^ also of chlorite mica-schist^ both frequent in 
the Alps. In the protogine-graniie and protogine-gneiss it is 
a substitate for mica. It is also a characteristic constitaent 
of diabase, and many kinds of syenite-porphyry (Altenbeig in 

Saxony). 

Delesaite is a mineral closely allied to chlorite, but richer 
in iron. It is frequent in vesicular cavitiM of melapliyres. 

Ji^enmne^ Mi^Moldiey and OlinochLore are minerals resembling 
chlorite, but not yet aooorately defined. They are of frequent 
occurrence in chloritic schists as essential ingredients. 

Some of the minerals which we have sJready notLoed as 
having arisen from transmutation of augite, such as schiller 
spar, green earth, 4&c., are externally very similar to chlorite. 

22. Sapomte (Soapstone), — Massive, sectile, and very soft. 
S.G.=2'26. Colour white or light grey, yellow or reddish 
brown, dull, with lustrous streak. Greasy feel, not adhesive 
to the tongue. Cp.=2Mg3Si2+Al Si + IOH. In the matrass 
it gives out water and becomes black. Thin laminte melt 
with difficulty at the edges. It is readily and completely 
decomposed with sulphuric acid. 
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Saponite occurs in fissiires of serpentme rock (Lizard's 

Poiut, Cornwall). 

23. Serpentine. — ^UsnaUy compact^ BometimeB grannlar or 
fibrous ; in the latter case it is called chrysolite or serpentine- ' 
asbestos. Fractiire concboidal, flat^ or uneven, splinterj, 
fine-grained, or of twisted fibres. H.=8 — 4, rarely 5 ; S.G.s= I 
2*2 — ^2*6. Bright coloured and translucent varieties are termed > 
precious serpentmes to distingnish them from the ordinary 
serpentine, which is usually of dark colour — green, red, 
or brown. Op. » the general formula Mg^Si^H'==43 81+ 
42 Mg-|-12 H, with a trilling percentage of Al and Fe. In 
matrass gives out water and becomes darker in colour. Bp. 
almost invisible, exhibits the reaction of iron ; easily soluble 
in borax, in microcosmic salt with effervescence. When 
powdered, soluble in muriatic acid, and still more readily 
in sulphuric acid. 

Serpentine is found disseminated in rocks, usually massive, 
sometimes in broken masses, plates, and vums. It likewise 
forms a rock of itself. 

The right of serpentine to the character of an independent 
mineral is open to doubt, as it frequently appears to be only 
a pseudomorph of other minerals, e. g. horablende,' angite, 
garnet, spiiuil, 6uC. The rock serpentine also appears to bo 
usually, if not always, a product of transmutation derived 
from other rocks, such as granite, gneiss, gabbro, chlorite- 
schist, &G, ; and only to resemble the mineral, not to con- 
stitute, strictly speaking, an aggregate of it. (Vide post, 
p. 314.) 

24 OUrelite, — ^In small thin hexagonal or rounded laminss ; 
cleavage parallel to the lateral faces. Hard; is capable of 
scratching glass. =4*4. Greenish grey to blackish-green. 
Lustre vitreous; translucent. Cp. = (Fe,Mii)3Si- + 2AlSi+ 
3H. In matrass gives out water. Bp. inses with diiiiculty 
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at tbe edges to a black magnetic globule ; with borax, iron 
reaction ; with soda^ that of manganese. 

Oitrelite is found diBseminated in Tarions kinds of clay- 
slate, which have received the name of Ottrehte isiate (Lnx- 
emltovrg). 

25. Glauconite. — Small, round, dark-grocn grains, which 
when recently exposed are frequently very soft, but in time 
assome about iihe hardness of gypsmn. S,a =2-29— 2-35. 
Op. sa hydrous sihcate of If'e and K. (5—10 ]>er cent. K), 
moreover M. and small quantities of Ca and Mg. 

Glauconite is found in the form of grains or nuclei of 
minute fossils (Foraminifera) imbedded in clay-marl and 
sandstone rocks. Very characteristic foT* rocks of the Chalk 
formation (Upper Greensand, Isle of Wight; Chalk of Calais). 
Occurs also in other sedimentary formations (Muschelkalk of 
Berlin ; Calcaire grossier, Paris ; Browncoal Sandstone of 
tlie Northoeastem Alps). 

2ij. Tcdc. — ^Trimetric (?) ; rarely crystallised, usually mas- 
BiTe, in granular, foliated or scaly aggregates. Cleavage basal, 
very perfect. Very sectile with greasy feel. Thin lamlnfle 
flexible, but not elastic. H.=l-~l-5. S.G. = 2-56— 2'8. 
Colour white, grey, and green, in various shades. Lustre 
mo thor-of- pearl, or resmous. Translucent to opaque. Opti- 
caUy binazial. Cp.=:Mg6S>+2H=62 Si+d2-9 Mg+4'9 H. 
The Mg is partly replaced by Fe. Bp. shines brightly and 
loses its colour; exfoliates; becomes hard; does not fdse. 
If heated with cobalt solution, becomes pale-red. Is not at- 
tacked by acids. 

Varieties especially noticeable are : — 

(a) Foliated Tale. — ^The purest crystalline talc. 

(b) SteaiUe. — ^Amorphous. liVequently pseudomorphous after 

other minerals. Decomposes with boiling sulphuric acid. 
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Talc is a Tety widely diffiised mineral. Talc-scliist and 

man/ beds of rook in the regions of crystalline schists con- 
sist almost ezdnsiYelj of this mineral. Talo-mica-scbisty 
protogine, and some sandstones coniain it as an essential 

ingredients 

27. Meenchaum. — Massiye and in nodnles. Vractnre flat 

conchoidal, and fine-grained, earthy; sectile. H. — 2^ — 2*5. 
S.G.sO'8 — ^1. Colour yellowish or greyish^white, doll. 
Streak little lustrous. Opaqne. Ghreasy feel ; adhering 

• ••• • 

strongly to the tongue. Cp. (probably) MgSi+H, nsually 
with some 0. Bp. contracts^ becomes hard, and fnses at the 

edges to a white enamel. 
Forms separate beds, which are the resnlt of a process of 

transmutation, probably ui" iiiagnesite. 

(e) ZEOLITE SBCnOK (fiON-MAGHESlAN HTDB0U8 8ILIGATBS.) 

The minerals which are grouped under the name of Zeolites 
are an eztensiye fiumily of the siUcates, having both as to cha- 
nucal composition and crystallograpliic fot in much in common 
with the Felspar group, as well as with the Angite and the An- 
dalnsite groups — but their chief distrngnishing feature is that 
they invariably contain a lai^e proportion of water, Yarying 
from 4—22 per cent. 

The following properties are common to all zeoHtes. Before 
the blowpipe they froth up and melt to a glass, which 
owing to the many bubbles never becomes very clear or trans- 
parent. They are all decomposed by muriatic acid, under 
which process the Si is precipitated to a gelatmoos or slimy 
mass. Again, they all have a colourless streak, which circum- 
stance is owing to the small proportion of colouiing oxides 
(not above 2 per cent.) which they contain. 

The geological character of the zeolites is yery uniform. 
They are principally found in the yolcanic rocks. They are 
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either found in the vesicular cavities, veins and fissures of 
tiiose rocks in the form of crystals and foliated and radiated 
masses, or they sometimes form an essential ingredient of the 
rock's mass (in basalt^ phonoUte), In either case they are 
not original products, i. e. not of contemporaneous formation 
with the rock in which they are found ; they are products of 
ezfiltration or of the internal decomposition and transmntation 
of the mother rock. It is interesting to notice with reference 
to those zeolites which are the products of what we have 
termed exfiltration, that Danbr^e has shown them not to be 
simple deposits of substances held in. solution by the per- 
colated water to which they owe their origin, but rather 
products of the chemical action of that water at a high 
degree of temperatore on a portion of the rock's mass which 
had already oosed out; and thus that the same riU of water 
percolating through different rocks will produce diiferent 
species of aseolite. As regards zeoUte forming part of the 
composition of the rock's mass, this is so frequently the case 
in basalt^ that it has recently been put forth as a mdTersal 
rule that no mck can be a gennine basalt withont zeolite. 
Neyertheless we think this assertion too general, and it is 
possible that nepheline, which enters largely into the com- 
position of basalts, may by reason of its gi-cat solubility 
in muriatic acid, have been sometimes mistaken for zeolite. 
ZeoHtes are seldom fonnd in metalliferous veins, or in the 
fissures of the older plutonic rocks. 

The most conrement arrangement of the indiTidual species 
for our present purpose will be the crystallographic. We 
begin with — 

The Mtmom/efync ZedlUes, 

28. Anatome, — UsuaUy in trapezohedrons ; more rarely a 

combioation of these with the cube. The crystals usually 
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found grouped together in geodic cavities. Sometimes mas- 

tiive, granular. Cleavage cubal, imperfect. Fracture uneven. 
H.=s5*5* S.G.=>2*1. Colourless, white to grey, or flesh-^red. 
Lustre vitreoos. Tmnsparent to tnuwhicent at the edges 
only. Cp.=Ka3gia + 3AlSi2 + 6H. 

Analcime is fotmd in geodic cavities of basaltic rocks 
(Giant's Causeway, Ireland; Dumbartonshire; SeLsscr Alp); 
in metaUiferous veins (Kongsberg ; Andreasberg in the Harz) ; 
and as a recent formation at the month of springs (Plom- 
bieres). It is especially frequent in the old dolomitic lavas of 
the Cyclopean Islands near Sicily, and-Hiose have been named 
Analcymite accordingly. The observer must avoid confound- 
ing the crystals of analcime with those of lencite. 

29. ApophylUte {Ichthyophthalmitey Albine). — Crystals py- 
ramidal, columnar, or tabular. Usually grouped together in 
geodes ; occasionally in scaly aggregates. Cleavage hasal, per- 
fect. Fracture uneven. H.=4*5 — 5. S.G. = 2'33. Colour- 
less, or yellow, greyish, or reddish-white. Lustre vitreous, 
on the cleavage suHaces mother-of-pearl. Transparent to 
translucent at the edges. Cp.=8CaSi + KSi^+16H, with 
sometimes 1 per cent, of fluorine. 

Apophylhte is found in the geodic cavities of volcanic rocks 
(Iceland, Faroe, E^sa Thai) in metaUiferous veins (at Utoe in 
Sweden, at Andreasberg, and iu the Bannat associated with 
wollastonite) . In the Tertiary hmestone near intruded basaltic 
rocks at Puy de la Piquette, in Auvergne. Finally as a recent 
deposit from spring water at Plombieres. 

Hexagonal Zeolites. 

30. Chahasite {Fhacolite), — Rhombohedral. Crystals often 
of twin growth. Cleavage rhombohedral. Fracture uneven. 

H.=4— 4-5 S.G.=2'08— 2-17. Coloui^ess, white, or red- 
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dish. Lustre vitKMius. TrausparezLt to translucent. Cp.=:^ 
(Ca,Na,K + 3Al^« 4 18H. 

It occurs in geodes of Yolcamc rocks (Faroe, Fassa Thai, 
Giant's Canseway) ; in syenite (MasBachnsetts) ; ^in gneiss 

(Connecticut). 

Trimeirie ZeoUtes, 

31. Frehfiiie* — Grystalstabnlar or short cohunnar. Gronped 

in geodes in fan-shaped or spheroidal ag<^regat€s. Cleavage . 
basal, perfect. H.=6— 67. S.a.«2-8— 2 96. Barely colour- 
less, usually green. Lustre vitreous ; on the cleavage surfaces, 
mother-of-pearl lustre. Transparent to translucent at edges 
only. Cp.=:Ca*Si+AlSi+H, frequently with some Fe. 

Occurs in basaltic amygdaloids (Fassa Thai) \ in the trap 
rocks of Dumbarton. 

32. Tliommnite (GomjatwriUe) , — In geodes, the crystals in 
sheaves or &m-shaped groups, or in fibrous aggregates. Cleav- 
age, according to the brachy- and macro-diaguunl, almost 
equally perfect. Fracture uneven. H.=:5 — 5*6. S.G.*=2'35 
— ^2*38. Colour white. Lustre vitreous, sometimes mother-of- 
pearl. Translucent, but usually clouded. Cp. = (Ca,Na)^Si+ 
3AlSi+7H. 

Thomsumte occurs in amygdaloids at Kilpatrick, in Dum- 
bartonshire, and Lochwinnock, in Renfrewshire, in the 
vesicular cavities of Yesuvian lavas, in the analcimite and 
phonohte of Bohemia. 

33. NoitroUte (SocUi-Mesotype) . — ^Crystals usually thin, co- 
lumnar, acicular, or capillary. In geodes, also in bunches or 
reniform masses. Cleavage prismatic, perfect. H.&s5 — 5*5. 
S.C— 2 17 — 2 24. Colourless, greyish-yeUow or reddish- 
white. Lustre vitreous, occasionally mother-of-pearl. Trans- 
lucent, or only at the edges. Cp.sKaSi t AlSi+2H, occa-. 
sionally a small quantity of Fe. 
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Natrolite occurs in yesicnlar cavities of basaltic and phono* 
lite Tocks (Kilmalcolm in Benfrewsbire, Awmg in Bohemia). 

84. FhUlvpsite (lA/fus-XLarnudimic). — Coluumar crystals, 
aometimes long and sometimes shorty frequently twin, growth 
oroes-Bhaped. Cleavage brachy- auii inacru-diaguiial. H.= 
4—4*5. S.G.=2'2. Colonrlesfl, white, yellowish or reddish. 
Lustre vitreons. Transparent to translncent at the edges 
only. Cp.=(Ca,K)Si+A18i^-i-i3H. 

Pliillipsite is fonnd in the basaltic lavas of Capo di Boye 
near Rome, Couni^ Antrim, in Ireland, 4c. 

85. SarmoUme (Baryt-harmoUme), — Golnmnar crystals 
almost always twins, shaped in form of a cross. Cleav- 
age imperfect^ the brachydiagonal more pertect than the 
macrodiagonaL H.s4'5. S.G.s2*39 — 2*5. Cohmrless, or 
different shades of wliite. Lnstre vitreous, little translucent. 
Op.ssBaSi+AlSi>+5H, with some K and Ca. 

liarinutome occurs in the metalliferous veins of Andreas- ! 
berg, in nodules of agate £rom the melaphyre of Oberstein, 
Zweibmcken, under like circnmstanoes in Dnmbartonahire, | 
where its crystals are simple. 

MonocUaie ZeoUtea, I 

I 

36. LavmQntit6 (^Laumondte), — ^The crystals osually in colum- 
nar combinations, also in granular and fibrous masses. Cleav- 
age prismatic, perfect ; very triable and brittle. H. =3'5 — 4. j 
S.G.s:2*2d — ^2*36. Colour yellowish, or greyish-white» also | 
reddish. Lustre vitreous, on the cleavage snr&ces mother-of<* | 
pearl. Transparent to translucent on the edges only. Cp.ss | 
Ca'Si'+3AlSi*+12H. It loses a portion of its water veiy i 
quickly on exposure, and then falls to powder. 

Laumontite is found in vesicular cavities of basaltic rooks 
(Dumbartonshire, Faroe), in clefts and fissures of syenite 
(Dresden), or quarU-porphyry (Botsen). 
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37. SeoleeiU (Lifim-Mesotype) . — CxystalB long or sliorfc prisms 

or acicular ; also massiv^e, radiated, and fibrous. Clo;! v;ic^o 
prismatic, tolerably perfect. H. = &-^'5. 8.a.==2*2— 27. 
Colourless, greyisli, yellowisli, or reddiali. white. Lustre 
vitreous, the fibrous clusters silky. Transparent to trans- 
lucent at the edges only. Cp. = CaSi+ A18i -h 3H. 

Scolecite occurs in the vesicular cavities of basaltic rocks 
(Aavergne, Staffa), or in. the fissures of the same rocks (Eil 
patrick lulls). 

38. SeukmdUe {FoUated ZeoUte^ StUbUey in part). — ^Crystals 
usually tabular, rarely prismatic, either single or clustered in. 
geodes, also massive, in radiated, loliated, or globular aggre-. 
gates. Cleavage dinodiagonal, very perfect. H.=s3*5 — 4. 
S.G.=2 2. Coluui'less, white, u^sually red to brown. Lustre 
vitreous, on the cleavage sur&ces, mother-of-pearl. Trauspa- 
rent to translucent at the edges only. Cp. =CaSi + AlSi^ + 5H. 

Heulandite occurs firequently in the vesicular cavities of 
Irasaltic rocks (Faroe, Iceland, Skye, Eassa YaUey) ; rare in 
metalliferous veins (Aiidreasberg). 

39. StUbiie (De^v^me^ Badiated ZeolUe), — ^Its monoolinic 
ciiaracter is questionable. The crystals are biuadi priisms, 
frequently clustered into sheaves or bundles ; also massive and 
fibrous aggregates. CSleavage bracbydiagonal, very perfect^ 
macrodiagonal imperlect. H.=s3'5 — 4u S.G. = 2*1 — 2*2. Co- 
lourless, white, grey, yellow, or red. Lustre vilareous, on the 
most perfect cleavage surfaces, mother-of-pearl lustre Tians- 
lucent^ perfect or only on the edges. Cp. - CaSi -1- A18i^ + 6H. 

Stilbite is a frequent inhabitant of vesicular cavities or 
fissures of volcanic rocks (Fassa-Thal, Faroe, Iceland) also 
occurs in metalliferous veins (Andreasberg, Kongsberg). 

40. Smifhsoniui (Hydrous tSUicate of Zinc^ Galmey, in part) 

^ may be added here by way of appendix, although geologically 

it is very far removed from the zeolites, since (diemicaUy it 

D 
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agrees with them in being a hydrous oBcaJte free from 
magnesia. 

It ciystallises trimetrically, hemimorph. The crystals are 

usually small, tabular, and prismatic, independent or in geodes, 
fr^nently groaped in fian-like, grape-like, botryoidal, or reni- 
form cluster ; also fine fibrous to felt-lLke varieties occur. 
Cleavage prismatic, very perfect, macro-domatic perfect. l^Vac- 
tore nneven. H.as4*5 — 6. 8.G. s3*16 — 8*9. Coloarless, 
white and variously coloured (but always light coloured). 
Lustre on crystal smfaces yitreoos. Semi-transparent to 
opaque. Cp.=2Zn'^iSi + 3H. When heated in matrass gives 

oat water. Bp. decrepitates a Httle, shows green phospho- 
rescent light, but docs not melt. Gelatinises with acid. 

Smithaonite takes no essential part in the composition at 
rooks, bat both alone and with other sdnc-ores and galena fbrms 
separate bed^ of oie of considerable extent. These t>ios are 
nsoally associated with dolomites and limestones (Baibl and 
Bleiberg in Carinthia, Aachen, Tarnowitz in Silesia, AlentJip 
hills). Smithsonite oocors in veins of lead-ore at Matlook in 
Derbyshire, and many other English localities. 

(J) ANOALUSITE SECTION. 

With respect to the minerals grouped under this head, 
we mast remark that they are allied together more by 
their chemical and physical properties than their geological 
affinities. 

41. Anddktmte {ChiastolHe^ Hohlspaih). — ^Trimetric. The 
crystals aie usually combinations of the prism and base, hence 
Golonmar, attached, also imbedded ; also in radiated, fibrooSy 
and granulai- clusters. Cleavage prismatic, imperfect. Frac- 
ture uneven and splintery. H. - 7*6. S.G.-8*1 — 3-2. Colour 
grey, greenish, or reddish-pr' ^^y* Lostre vitreous, osoally weak. 
Barely transparent, and iu that case showing tiichroism^ 
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usaallj transhiceiit^ or translacent only at the edges. [The 
Tariety chiasliolite fluotaates in hardness between 3 aud 7 5. 
This difference is attributable to foreign sahetonces contained 
hi its dystals. These foreign snbstanoes are arranged in some 
sort Bymmetrically abou t the edges and axis so as to give a tes- 
Belated appearance in the section. The ciystals are mostly 
twins or fourfold.] Cp. ~Af<Si2, sometimes Ai^iSi^, usually 
irith some fe and Bp. infusible. When reduced to 

powder, fuses with diflu iilf y m borax to a transparent colour- 
less glass ; with cobalt solution coloured blue. Not affected 
by adds. 

Audalusite occurs as au accessoiy in granite and crystalline 
schists (gneiss, mica-schist), Devonshire and Aberdeenshire. 
The variety chiastolite occurs exclusively in clay-slate, and 
nsually in the neighbourhood of granites or other igneous 
rocks. It probably is the product of a metamorphosis result- 
ing irom percolated water. 

42. Topaz. — ^Trimetric. dystals sometimes hemxmorphous, 
always prismatic. Single ciystals attached or imbedded, or 
chisters incmsted in geodes; also coaree or fine-grained 
masses. Cleavage basal, very perfect. Fracture conchoidal 
to uneven. H.=£8. S.G.=:3*4 — 8*6. Colourless and transpa- 
lentj batnsnally yellow, red, or blue. Lustre vitreous. Trans- 
parent to translucent at the edges only. Cp.=^5Al^Si>-f 
(8AlF9+2SiF») shows reaction of fluorine. Bp. infusible, 
but soluble in microcosniic salt, leaving a skeleton of silicaw 
Not affected by muriatio add. With sulphuric add, some 
hydrofluoric acid is formed. 

Fyonite is a £brous variety of topaz. 

Topaz is an essential constituent of topas-rock, an aoo^sory 

of granite (imbedded, or incrnsting geodic cavities) : Moumo 

in Ireland, Mnrsinsk in Siberia, Greifenstein in Saxony. Very 

freq^uently associat^id wilii other uuneralii which contain £uq-. 

n 2 
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rine, and with berjl and tin ore. Also in separate localities, 

associated with, the like miuerak ((JurnwaU, Saxony). 

Althongh the topaa CTystals which are found imbedded in 
granite appear to be of simultaneous formation with that rock, 
and therefore of plutonic origin, X>aubr^ has succeeded in 
prodncing topaz by subjecting alumina to the action of flooride 
of silicon. 

43. Stcmrotide {StwwroUte), — Trimetric. Crystals always 

imbedded, prismatic, fi^quently cruciform. Cleavage brachy- 
diagonal, perfect. Eractareoonchoidaltonneven. H. = 7 — 7*5. 
S.G.=3*5 — 3*7. Deep red to blackish-brown. Lustre vitre- 
ous. Translucent to opaque. Op. Tariablesss(AiFe)^8i, or 
R3Si9, or R»Si*. Bp. infusible. With difficulty soluble in 
borax and microcosmic salt. Kot affected by muriatic acid. * 
Staurotide occurs in association, sometbnes twin growth, 
with the next named wpecies ; accessory in mica-schist and 
gneiss (Switzerland, Tyrol, Brittany). 

44. Kyanite (Bisthene^Rhoctizlto), — Triclinic. Crystals usually 
long and broad-shaped (bladed), without terminal &cesy fire- 
quently in twins ; imbedded singly or grouped in fibrous 
masses. Cleavage prLsmatic, very perfect, brittle. H,=6 — 7*2. 
S.G.s=3'56— 3'67. Colourless or common blue. Lustre vitre- 
ous, on the most perfect cleavage plaues, mother-of-pearl. 



Transparent to translucent on the edges only. Cp.:=A13Si^ 

with little Fe. Bp. infusible ; daik blue if heated with cobalt 
solution. Not affected by acids. 

Kyanite occurs as an accessory ingredient in granulite, also 
in gneiss and mica-schist similarly to staurotide. 

45. lAevrUe (Iha/Ue^Jendie), — ^Trimetric. Crystals long prisms. 
Crystals attached or iucr listing geodic cavities also massive, 
UBU9iUy in fibrous, raxelyin granular aggregates. The crystals 
usually coated with brown iron-ochre. Cleavage indistinct. 
Fracture conchoidal to uneven. Brittle. H.=:5*5 — 6. S.G.= 
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3*8—4*2. Colour farowniflli to greenish-black. Streak black. 

Lustre resinous. Opaque. Cp. =2Jb e^Si + Ca'^Si + iVSi. Bp, 
fusible to a black magnetic globule; with miorocoBmic salt 
AhowB the reaction of iron, and leaves a skeleton oi silica. 
With muriatic acid gelatinises. 

Lievrite is found associated wiiih pyroxene in snbordinate 
masses in the mica-schist of Elba, also (accordmg to Dana) in 
the granite of Predaaszo in Tyrol. 

46. TowrmaUne (Schorl). — Rhombohedral, eminently liemi- 
morphous. Crystals mostly colmnnar, imbedded or attached, 
also massiye, fibrous, or grannlar aggregates, deavage rhom- 
bohedral, very imperfect. H. = 7 — 7 5. S.G. = 2 94 — 3*3. 
Colourless, seldom tnuu^porent, most usually black, also brown, 
red, blue, green, &c. Lustre vitreous. Every degree of pellu- 
cidity from transparent to opaq[ue. Very eminently polar 
electric. Cp.= very various and complicated. The following 
ingredients take part in its composition : — Si, B, P, F, K, Nsk, 
Li, Ca, Mg, Fe, Mn, Al, Fe, The oxygen ratio of all the 
bases in this compound (including boraoic acid as a base) to 
the silica is constant^ and isss4( : 3. Bp. veiy variable, in part 
fusible (in different degrees), in part intumescent, and in part 
not. All kinds of tourmaline, when mixed with fluor-spar and 
sulphate of potash, exhibit the reaction for boron. Not affected 
by muriatic acid. Sulphuric acid almost completely decomposes 
the powder of fused tourmaline afber lengthened digestion. 

Tourmaline is of very frequent occurrence j but is almost 
exclusively confined to the plutonic-igneous and the meta- 
morphic rocks. It is an essential constituent of schorl rock ; 
accessory in granite, granulite, mici^schist^ topaz-rock, and it 
sometimes appears in such quantity in these rocks as to cause 
varieties to be specially named after it. [See post.] It is 
unknown in angitio and Tolcanic rocks, hi dolomite it ap- 
peal's exceptionally (Capo Longo, south of St. Gotthard) ; also 
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in saadstcme, bat only in neigliboiLrhood of intruded plntonic 
rocks. 

The origin of tourmaline is Bometimes oontemporaneons 
with ihat of the mother rock, sometimes it is a secondarj 
product occasioned bj metamorpkism (percolation of fresbb- 
wafcer springs ?). It has not yet been artificiallj produced. 

Tourmaline is also known in psendomorphs after felspar (in 
the granite of Trevalgan, Cornwall), and on the other hand 
pseudomorphs of mica, chlorite, and steatite after tourmaline, 
occur in manj places. 

(g) GABinrr sbohoh* 

The affinity of the different minerals of this secfaon to eacli 
other consists in their containing the like ratio of oxygen 
between the adds and bases. 

47. Chrysolite {OUviney Foridot). — Trimetric. The crystals 
iiBuaUy oolunmar and imbedded (chrysolite), bat very often 
massive, in granular aggregates, and disseminated (olivine). 
Cleavage brachydiagonal^ tolerably distinct. £Vactare con- 
choidal. H.=:6 — 7. S.G.=3*3 — 3*5. Lustre vitreous. Co- 
lour green, asparagus-green, olive-green, also yellow and 
brown. Transparent to translucent. (Chrysolite nsoally in* 
eludes the transparent crystals of paler colour, wliilc olivine, 
BO called &om the olive-green tint, is applied to imbedded 
masses and grains of inferior colour and clearness. — Dana.y 
Cp. = (Mg,Fe)3Si, with some Mn, Ca, Ti, and B. Bp. only 
the varieties containing much iron are fusSble. All varieties 
are easily decomposed by sulphuric acid. 

The most beaatiM crystals of chrysolite aare said to oome 
from granitic rocks of Upper Egjrpt. Fayalite, a variety very 
rich iu iron, is found in granite of Moume Mountains. Other* 
wise ibis mineral is known as essential ingredient of the rock 
called eulisite. It is an accessory constituent of hypersthene 
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rock (Elfdalen) in talc-scliist (Katherinenburg). All these 
occQTreoDCes are imngnificant compttred with the abundance 
and frequency in which both grains and crystals of ohvine 
occur in basalts and lavas. In basalt^ olirine is almost an 
essential oonstitaent. It is also found in meteoric stones. 

Olivine is, doubtless, usually a purely igneous product. If 
additional proof of this were wanted, it may be found in the 
crystals of an olivine rich in iron which occur in the slags of 
smelting furnaces. 

A rock of New Zealand, which has been called Dvmie^ 
consists of graiiulrir olivine, 

48. Beryl {Emerald^ Smaragd), — Hexagonal Orystals co- 
lunmar, either singly uttachcd or imbedded, or clustered in 
geodes; also fibrous aggregates. CleaTsge basal, tolerably 
perfect. Fracture conchoidal to nneyen. H.=7*5 — 8. 
S.G.=2*68 — 2*73. Colourless, limpid, but usually green or 
blue. Lustre vitreous. Transparent to translucent at the 
edges only. Cp.=G8i"^ + AliSi^ with some Fe and Cr. Bp, 
fuses with difficulty at the edges to a clouded scoriated glass, 
completely soluble in microcosmic salt. Not afiected by 
adds. 

Beryl occurs as an accessory in mica-schist (Salzburg), in 
granite (Moume MountaiuB, Bodeumais in Bavaria), in black 
limestone (Muzo in Columbia), and with tin-ore (Saxony). 

FlienaMU or PIieTtacite. — Cp. GSi, Ilhoinbohedral crys- 
tals, and occurs under precisely similar conditions to beryL 

49. Qamet — Monometric, in rhombic dodecahedrons or 
trapezohedrons or in combinations of both. CrystSils singly 
attached or imbedded or clustered in geodes, also massiye^ 
in granular to compact aggregates. Cleavage indistinct, do- 
decahedric. Fracture conchoidal, or uneven and splintery. 
H.=6-5— 7-5. S.G.=315— 4 3. Seldom colourless, usually 
green, yellow, red, brown or black. Lustre vitreous to 
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resmons. Traauiparent, tranBlncent, opaque. Cp. extremdj 

Tuiuiifold, so that six groups may bu dihliiigaitihed of essen- 
tially different ooinposition, passing oyer, bowever, one into 
the other. The common formula may be thos ^ven : R^Si-h 
KBi, in which formula K^(Ca^ Fe, Mn, Mg), and }i=(Al, 
Fe, Or). Bp. fuses with considerable ease to a green, brown, 
or black glass, which is frequently magnetic. With phosphor- 
salt gives a siliceous skeleton, otherwise iron and manganese 
reaction. In raw state little airt cted by muriatic acid, but 
after fusion easily and completely decomposed by that acid, 
with a gelatinous procipitaAe of silica. 

Almandine, Grossularite, Essonite, Common or Aplome Garnet^ 
GolophonUe and MeUmUe are TarietieB chiefly distinguished by 
their colour aud diiicicut dt'^^iu's of ti uiisparency. 

G(amet occurs as an essential, and sometimes sole ingredient 
of the following rocks : garnet rock, eklogite, eulisite, kinisi- 
gite. It likewise is a very frequent accessory in granite, 
granulite, vitreoua tradtyte and perlite (in which it would 
appear to bu a coutcmporaiieous formation with the mother- 
rock), and in metamorphic rocks (e.g. chlorite-schist, mica- 
schist), where it is probably a product of the very process of 
metamorphism. In limestone aud sandstone rocks (Killan 
and Wexford in Ireland), and in lavas of Vesuvius. 

50. Pyrope. — Monoclinic, crystals almost always rounded 
off at the edges, imbedded, or scattered loose in alluvial soil. 
Fracture conchoidal. H.ss7-5. S.G.=3-69— S S. Colour 
deep hyacinth to blood-red. Lustre vitreous. Transparent 
or very translucent. Cp. a magnesian alumina-garnet^ with a 
considerable portion of the magnesia replaced by Fe and 
Cr. Bp. becomes black and opaque at a red heat, but re- 
sumes its transparency and red colour on cooling. With 
borax, gives the reaction of chromium, ^ot afiected by 
adds unless previously fused. 
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Pjrope is a very characteristic accessory constituent of 
many kinds of serpentine (Saxony), and of the opal-rock 
termed yiirite (Bohemia). 

51. Zircon (Hyacinth). — Dimetric. Crystals columnar or 
pyranudal, singly imbedded or attached. Cleavage pyramidal 
and prismatic, iinpcrfect. Fracture concLoidal to uneven. 
H.=7*5. S.G.=4-^'7. Colourless, rarely white, usually 
oolonred yellow, red or brown. Lostre adamaatme, yitreons. 

Every degree of transparency. Cp.^ZrSi, with little Fe. 
Bp. infusible, only soluble with borax. Partially decomposed 

in sulphuric acid after long digestion. Not aii'ected by any 
other acid. 

Zircon occurs in many rocks (more or less abundantly), 
nsnally as an accessory ingredient oidy, viz. in zirconsyenite 
(Norway, Ural) ; in granite (Criffel, Kircudbright and New 
Jersey) ; in basaltic lavas of extinct volcanoes (llhemsh 
Prussia) ; and in Tolcanic tufa ( Auvergne) ; in granular lime- 
stone (Hammond). 

52. Idocrase {Vesuvian^ JSgeroMf WUuU). — Dimetric. Crys- 
tals usually columnar or pyramidal, imbedded and attached ; 
also massive in hbrous and compact aggregates. Cleavage 
prismatic, imperfect. Eractore uneven and splintery. H.8s 
6 5. S.G. = 3*45. Colour yellow, green or brown. Lusti-e 
Titreous or resinous. Transparent, translucent^ opaque. Cp.s= 

• . • • • • 

R'Si+KSi, and R= principally Ca, ie, Mg, with H up to 

»•« 

3 per centw ^^AJ* Bp. fuses easily, with efferveBcence, 
to a yellowish-green or brownish glass. With microcosmic 
salt it produces the reaction of iron and a siliceous skeleton. 
In raw state, imperfectly decomposed by muriatic add, 
but after fusion, completely decomposed with a gelatinous 
precipitate of silica. 

Idocrase occurs as an accessory in old lavas of Vesuvius ; in 
serpentine (Mussa Alp, Piedmont) ; in dolomite (Jfassa Thai, 
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where it is an unmistakable product of metamorphism) ; and 
in metalliferoiis Teins (Swarzenberg, Saxony). 

Its igneous origin, at least in part, is proved by the appear- 
ance of similar products in slags of fiunaces. 

63. ScapoUte (Wemerite) . — Diinciric. Tlie crystals coiiimnar, 
attached and imbedded, also clustered in geodes, or massive 
and granular. Cleavage prismatic, tolerably perfect. H.= 

5 — 5*5. S.G.= 2'6 — 2'7. Colourless, or coloured pale green, 
green, or reddish. Lustre vitreous to resinous. Semi-trans- 
parent to opaque. Cp. very fluctuating, in part answering 
to the formula : B»Bi^+2AliSi, with Ca, Na^ some H and Pe. 

Scapolite is an essential constituent of wemerite rock ; it 
also occurs as an accessory in granite and other crystalliue 
rocks, likewise in limestone, but in that case usually near the 
margin of intruded granites. Finally in veins of ore (Arendal), 

MeiowUe BodMeUUdU, — ^Limpid crystals found in the marble 
blocks of Somma, and Melliliie, dirty yellow, found in nepheUne 
rocks at Capo di Bove near Borne, are two minerals very 
closely allied to scapolite. 

t>4. Mjpidote (Pistadte^ Zoisite). — Monoclinic. Crystals co- 
Inmnar, extended in the direction of their horizontal aads, 
usually in geodes, also massive and in fibrous, granular, or 
compact aggregates. Cleavage orthodiagonal, very perfect, 
hemidomatic perfect. Fracture conchoidsl to uneven. H.= 

6 — 7. S.G. = 3'2 — 3*6. Almost always coloured, viz. green, 
yellow or grey. Lustre vitreous, and on the cleavage surfaces 
adamantine. Transparent to opaque. Cp. = K^Si + 2iiSi, in 
which formula K^^Ca, with some M g and up to 2 per c^t H ; 

••• 

R=A1, Fe. Bp. variable ; after being subjected to strong 
h^~"or melted, aU varieUes may be decomposed by muriatic 
acid and they become gelatinised. 

ZoisUe is grey, with Ca and Al ; it occurs as an accessory in 
granular limestone and granite (liohtelgebirge). 
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and Yery frGquGutly in hornblende rocks, and ifl probably 
the product of decomposition of hornblende. It also occurs 
in beds of iron-ore (Arendal). 

55. OHhUe (AUamte^ Cerme), — Monodinic, isomorplioiis 
with epidote, but seldom occurs in distinct crystals. More 
usoalljr massive, in granular and short hbrous aggregates. 
Fracture oonchoidal to nneren. H. = 5 — 5*6. S.G. = 3*3 — 4*2. 
Colour, pitch-brown to black. Streak greyish or greenish. 
Lastre imperfect^ metallic to yitreoos and resinous. Trans* 
lucent at the odt^ea to opaque. Cp. vai ia,l»io. in part, li'SiH- 
BSi, in which R= Al and BsCe, Oa^ Mg, with little La and H, 
and in the variety orthite, Y. Bp. on charcoal, puOn up slightly 
and ^ises to a black glass ; with borax fnses easily and makes 
with oxidising flame a bead of blood-red colour in the heat and 
yellow on cooling ; with the reduction iiame the bead is green. 

Orthite occors as an accessory in granite, especially in cer- 
tain narrow dykes of granite, rich in felspar, which traverse 
homblendic rocks (Greenland, Dresden) ; in zirQonsyenite 
(Hitteroe in Norway), where the crystals are a foot in height ; 
sometimes in porphyries (Totun Ij'jeld in Norway). 

56. QadoUmU. — ^Monoclinic, but seldom in crystals, usually 
massive and imbedded. Fracture conchoidal to uneven. H.= 
e-5— '7. S.a. =4-4-3. Pitch- and raven-black. Streak 
greenish-grey. Lustre vitreous, resinous. Translucent at 

the edges to opaque. Op. various, in general K^Si ; and Its= 
. . . . 

Y, Ce, Fe, Ca. Bp. puffs up slightly without fusing, glows 
vividly and bums to a light-grey colour. Gelatinises with 
muriatic acid. 

Gadolinitc occurs cliiefly in granite, and as an accessory, 
imbedded (Fahlun in Sweden, Hitteroe in Korway). 

57. Axinite (Thumite). — Trielinic. Crystals singly at- 
tached, or clustered in geodes, also massive, in scaly aggre- 
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gates. Cleavage indistmct. H.=:6'5— 7. S.G.=8'3. Oolonr 
clove-brown, grey,, or plum-blae. Transparent to translucent 
at edges only. Exhibits trichroism in an eminent d^ree. 

Cp, very complicated === R\Si + 2ii8i + iBSi ; and R = Ca, 

• • 

Mg, K ; K^Fe, Mn. Bp. melts easily, and with intumescence, 

to a dark green glass, which becomes black in the oxidation 
flame ; with fluor-spar and sulphate of potash gives the reaction 
of boracic acid. After fusion it gelatinises completely with 
muriatic acid. Axinite occurs in the geodes of granite (Oisans, 
St. Gotthard), or in metaUiferoos veins (Botallack in Cornwall ; 
Kongsberg in Norway). 

58. Cordierite (DtckroUe, Feliom^ loUte). — ^Trimetric. Crys- 
tals usually columnar, hexagonal, aJso massive and dissemi-. 
nated. Cleavage brachydiagonal, tolerably perfect. Fracture 
conchoidal to uneven. H.=:7 — 7*5. S.G.=2'6. Colourless, bat 
usually coloured bluisli-grey, violet-bluc, or brownisii. Lustre 
vitreous; in fracture eminently resinous. Transparent to 
translucent, beautifnl trichroism. Cp.ssR^Si'+SAlSi; and 
£=Mg, Fe, Mn and li. Bp. fuses with difliculi^ at the edges 
to a glass ; dissolved with difficulty in borax. Little affected 
by acids. 

Cordierite occurs as a substitaie for quarts, and an essential 

iugredieiil hi several grauiLes and in mctamorphic gneiss, under 
circumstances pointing to an igneous origin, or to an origin 
from contact with igneous masses (Saxony). It also occurs 
in beautiful crystals in metalliferous veins (Bodenmais in 
Bavaria). 

Fahlunite and Finite are producta uf transmutaliou from 
cordierite, or (according to some authors) J&om nepheline. 
They occur porphyritlcaily in granite. 

Liebnerite and OosUe are like products. They occur chiefly 
in porphyry rocks. 
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C. TANTALATES (OK COLTTMBATES) TITANAXES, 

VANADATES. 

The minerals here grouped occui* very frequently as acces- 
floij ingredienta in plntonic and igneous rocks, and are for the 
most part of contemporaneous origin with the rocks in which 
the J occur. 

69. FyroMore, — Monometrie, nsnallyin octaihedrons (cry- 
stals or grains imbedded.) Fracture conciioidiii, brittle. H.= 
5—5 5. S.G.=3'a-^*3. Ooloor dark reddish, and blackish- 
brown. Streak light brown. Lustre vitreous. Tnmslucent 
at the edges to opaque. Cp.«(Ca,Fe,Ce,Mn)(Cb,Ti) with 
some NaP and H. Bp. becomes yellow and fuses with diffi- 
culty to a brown slag, previously (sometimes) emitting an 
intense light. When powdered, it is decomposed in concen- 
trated sulphuric acid. 

Pyrochlore occurs as an accessory in granite and syenite 
(imbedded), (Miask, Brevig in Norwaj j, also in granaiar 
limestone (Kaiserstuhl in Baden). 

60. FerofshUe. — Monometrie, usually in cubes or octahedrons. 
Crystals attached or imbedded, also massive. Cleavage cubal. 
H.=5'5. S.G.ss4. Colour greyish- to iron-black, or reddish- 
brown. Streak gTe3rish-white. Lustre metalhc-adamantine. 
Opaque. Op.=CaTi, with small quantify of Ee. Bp. in- 
fusible. Scarcely affected by acids. 

Perofskite occurs as an accessory in .chlorite schist (Slatoust, 
in the Ural) in talc schist (Zermatt), and in granular limestone 
(Kaiserstuhl). 

. 61. Tantalite, — Trimetric. Crystals usually columnar, also 

massive and disseminated. Fracture conchoidal to uneven. 
H.=s6— 6-6. S.G.=71— 7-9. Colour iron-black. Streak 
brown. Lustre adamantine metallic. Opaque. Cp. « 

• •••••• ■ 

(Fe,Mn)(Ta,Ob^), with sometimes some Ca and up to 16 per 
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cent, of Sn. Bp. unchanged. Not affected, or very little 
affected, by acids. 

Tantalite occurs as an accessory in granite, imbedded, and is 
usually associated with beryl and tourmaline (J^'inland, Sweden). 

62. GohmbiU (Niohiie). — ^Trimetric, usually in thick tabular 
or broad columuar crystals. Cleavage macrodiagonal, very 
distinct^ biachydiagonal distinct. Fracture oonchoidal to nn- 
even. H.=6. S.G. -51?. — 6*4. Colour brownish-black to 
iron-black. Streak reddish-brown to black. liustre metallic 
adamantine. Opaque. Cp.= (Fe,Mn)'^Cb^, with little Ga aaid 
Sq. Bp. infusible, unchanged. Not affected by acids. 

Colnmbite occurs as an acoessoTy in granite, associated with 
beryl and tourmaline (Bodonniais in Bavaria, Connecticut and 
Massachusetts), also imbedded in cryolite (Qreenland). 

63. Wdhlerite. — Trimetric. Distinct crystals very rare, 
usually massive and disseminated. Fracture conchoidal. H. ss 
5*5. S.G. = 3*4, Colour wine-yellow to botf ) -yellow, or 
yellowish-brown. Lustre resinous in the fracture. Trans- 
lucent. Gp.sa silicate of Ca, Na^ Ta^ Zr. Bp. at first un- 
changed, after Bomo time fu^es to a yellow glass. Decomposes 
in concentrated muriatic acid. 

Woblerite occurs as an accessory in rarconsyenite (Brevig 
in Norway), in syenite and miascite (Ditro in Transylvania). 

64. THtamte (Sphene, Menochineore), — ^Monoclinic,fireqiientlj 
crystallised, prisms and tabular, imbedded and attached, twins 
frequent^ also massive and in scaly aggregates. Cleavage 
indistinct. H.=s5 — 5'6. S.G.ass8'4 — 8*56. Colour grey op 
brown. Lustre adamantine, often resinous. Semi-transparent 
to opaque. Cp.ss2CaSissOaTi^ Bp. fusible only at the edges. 
With microcosmic salt and nietalHc tin gives the reaction of 
titanium in the reduction flame. Incompletely decomposed 
by muriatic acid ; completely decomposed by sulphuric acid, 
gypsum being formed. 
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Greenovite iB red-cuiuured titanite containing Mn. 

Titanite occurs as an accessoiy iu the mica-Bchist of the 
Alps, and there nsnallj in cmciform twin crjstals, in ^eiss 
(Massachusetts), in granite (Greenland), in syenite and ssir- 
consyenite (Strontian, Argyleshire ; Arendal), in Tolcanic 
rocks, rich in foispar (Laaclier«ee, Andemach on tlie Rhine), 
in phonohte (Bohemian Mittelgebirge), in beds of iron-ore 
(with pyroxene in Arendal), finally in granular fimestone (in 
many localities in North America). 

65. VoJhorihiie, — ^Hexagonal. Crystals are small, often only 
scaly particles on an earthy incrustation. H.=3 — 3 5. S.G.= 
8*45 — 3*86. Colour olive- or grass-green, also yellow. Streak 
almost yellow. Lustre mother-of-pLarl, vitreous. Translucent 
in thin plates. Cp. = (Cu^Ca)^ V + H. When heated in glass 
tube gives out water. Bp. fuses easily on charcoal, and at a 
higher temperature consolidates to a slag, resembling graphite^ 
which slag contains grains of metallic copper. It is soluble 
ID muriatic acid. 

Yolborthite occurs as an accessory ingredient in many sand- 
stones of the Permian formation ot ilubaia, or aa incrustation 
on the wails of clefbs in the same rocks. 

P. 6ULPHATE8* 
(a) IKHTDBOUS SULPHATES. 

66. Baryies (Heavy Spar). — ^Trimetric. Crystals tabular or 
oolmnnar, very various; also lamellar, fibrous, granular, or 
compact. Cleavage perfect in the planes of the brachy- and 
macro-diagonals. H.=2-6 — 3*5. S.G. = 4-3 — 4*7. Colour- 
less, limpid, or variously coloured, white, yellow, brown, or 
red. Lostre vitreous or resinous. Transparent, translucent^ ' 
opaque. Cp.=Ba8, with admixture, in small quantities, of 
other bases, such as Ca, Sr, and Fe. Bp. decrepitates, and fuses 
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with difficulty. Colours the flame yellowish-green. Kot 
affected by acids. 

Barjrtes , seldom occurs as an independent rock. It occurs 
as an accessory in the form of lamellar nodules in the clay 
strata of Monte Paterno near Bologna, where it is called 
Bologna-spar or Bi Iouik si; stone. It also occurs in the 
cavities of fossils in the Swabian Jurassic formatioii ; also very 
frequent in veins of ore. 

67. CeUstme. — ^Trimetric, isomorphous with barytes, also 
the same cleavage, frequently fibrous, granular, or compact. 
H.=:3 — 3*5. S.G. =s 3*9. Colonrless, limpid, but usually 
white, rarely bhie. Lustre vitreous to resmoxis. Transparent, 

« • • • 

translucent. Cp.=SrS. Bp. decrepitates and fuses without 
difficulty to a milk-white bead. If moistened with muriatic 
acid, it colours the flame carmine-red. It is only aiightly 
affected by acids. 

Celestine only occurs as an accessory constituent in rocks. 
Sometimes it is found in layers of a fibrous texture imbedded 
in marly limestone (Jena), in lamellar or radiated nodules in 
dolomite (Scissor Alps), or in fossils (Swabia), also in niaiiy. 
metalliferous veins. 

68. Anhydrite (Muncunie, Kwntenite). — ^Trimetrio. Crystals 
thick, tabular, but rare ; usually massive, in granular or com- 
pact aggregates. Cleavage macro- and brachy-diagonal, very 
perfect, basal perfect. H.=3 — 3*5. S.G. = 2'8 — 3. Colour- 
less, white, but most frequently light bluish-grey or reddish- 
grey. Lustre vitreous, on the faces of basal cleavage, resmons. 
Cp. ^ CaS. Bp. i^es with difficulty to a white enamel ; with 
borax effervesces, and fuses to a transparent glass, which on 
cooling becomes yellowish. Little soluble in acids. 

Anhydrite occurs as an independent rock, associated with 
gypsuiu and rock-salt (frequent in the Alps). It also occurs 
in metalliferous veins (Andreasberg). 
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69. GlauberUe. — ^Monoclinic, also massiTe, in thin lumellar 

aggregates. Cleavage basal perfect. H.=2'5 — 8. ^.G.&s 
2*6-^2'8. Colourless and coloured, greenisli, jellowish or 

reddish- white. Lustre vitreous to rt'siiu)us. Translucent. 
Taste salt and Intter. Cp.=:KaB+CaS. Bp. decrepitates 
\'iolentiy, and fuses readily to a transparent glass. Colours 
the iiame reddish-yellow. 

Glanberite oocnrs as an accessory in rock-salt (Villa Bnbia 
in Spain, Berchiesgaden in Bavaria, Tarapaca in Peru). 

(&) HTDBOUS SULFH&TES. 

70. Gypsum {Alabcuter^ Selenite), — Monoclinic. Crystals 
prismatic and tabular, Tarions, frequently twins, also massive, 
fibrous, lamellar, granular, or compact. Cleavage clinodiagonal, 
very perfect, bemipyramidal less perfect. Sectile. Iz( thin plates 
ilexible. 11. — i'5 — 2. S.G.=2 Colourless, limpid, or 
white, sometimes varionsly coloured grey, flesh-red, yellow, 
&c. Lustre mother-of-pearl on the faces of most perfect cleav- 
age, silky on the hemi-pyramidal iaces, utlLerwiso vitreous. 
Transparent^ translucent, opaque. Cp.=CaS=s2H. In matrass 
yields much water. Bp. becomes dull and white, exfoliates 
and fbses with difficulty to a white enamel, which has an 
alkaline reaction. Soluble in 4G0 parts of water, in acids 
somewhat more easily. 

Gypsum occurs as an independent rock in sedimentaiy for- 
mations, or in metainorpliic scliists (mica-schist of the Alps). 
It occurs accessorily in the form of crystak or nodules in 
clay-marls, rarely in metalliferous veins or dykes ; sometimes, 
however, in mines as a recent product. 

The origin of gypsum may be either by wet or dry process, 

or by metamorphism. It is formed (1) in volcanic districts by 

fumes of sulphuric acid and sulphuretted hydrogen issuing 

Irom cracks or other openings in the ground, and dctng upon 

B 
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layas preyiously containing pyroxene and labradorite ; (2) bj 
wet process, where pyrites is decomposed in the neighbour- 
hood of lime, or as a sediment from the eyaporation of sea- 
water. The latter process may be observed taking place arti- 
ficially in salt pans ; (3) by metamorphism from anhydrite by 
simple absorption of water. 

71, Ahmogen (^Hair Salt). — Occurs in capillary or acicnlar 
crystals or crystalline masses of inegular form, nsnally in 
crystalline crusts or reniform aggregates of fibrous structure. 
a=l-5— 2. S.a=l 6— 1-8. Colonr white and yellowish, 
or greenish. Lnstre silky. Cp.=AlS*+18H. Easily solnble 
in water. If heated in test tube^ it intumesces and gives out 
water. 

Alunogen is sometimes the product of volcanic action (vol- 
cano of Pi^to, Milo Isle), sometimes a resnlt of the decom- 
position of pyrites in coal districts, and in alum-shales (Bonn, 
Dresden) ; sometimes is found as an eiUorescence in numerous 
places in the United States. 

72. Nati/ue Alwm. — Chemically speaking there are several 
sabspedes. Grystallographically all monqmetric, and nsoally 
in octahedrons ; also occurs in fibrous masses. Fracture con- 
ohoidal. H.=2— 2-5. S.G.=l-6— 1 9. Soluble in water. 
Taste sweet-astringent. Cp.sBS4-AlS'H-24H. According 
to the various bases, different species are distinguished, viz. : — 
Potash-alum, soda^alxim, magnesia-alnm, iron-alum, manganese- 
alum, and ammonia-alum. Bp. on charcoal, efflorescence; 
with cobalt solution blue. 

Alum is found in the vicinity of the crater of JBtna, filling 
clefts in the Coal and Browncoal formations, especially in 
pyiitous shales (Saarbmcken, Bohemia), and as an efiSorescence 
on other minerals or rocks. In fresh alum-slat<e no aluiii ib 
contained, but the latter is only developed in that rock by 
weathering and tiie consequent decomposition of tiie pyrites 
contained in it. 
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73. Ujpsomite (Ej^somSaU), — Tnmetiic. Crystals colunmar, 
Qgaally in gramilar, fibrous, or earthy aggregates. Cleavage 
brachjdia^nal. H. = 2'25. S.G.=175. Colourless. Trans- 
parent. Taste saline bitter. Cp.«s2MgS-h7H. Easily soluble 
in water. Bp. if heated in test tube gives water, fdses, and 
then remains xmchanged. On charcoal it effeiresces violently, 
and shows alkaline reaction ; if heated with cobalt solution, 
becomes rose-pink. 

Epsomite oceors as an e£9oresoence fitmi marshy ground 
(Steppes of Siberia), and from many kinds of rock (gneiss 
near Freibei^, almn-slate at Idria), also in solution in spring 
waters (Epsom, Saidschntz in Bohemia). 

74. OloMbersaU {MiraMUe), — Monoclinic, usually incruated. 
H.al'5 — 2. S.G. = 1*48. Colourless, transparent. Taste 
cooling, and saline bitter. Cp.=NaS + 10H. Easily soluble 
in water, quickly decomposing, and &lling to xwwder in the 
atmosphere. Bp. in test tube it melts in its water of crystal- 
lisation. It colours the fiame reddish-yellow. 

Glaubersalt occurs as an independent rock (Ghupuscoa in 
Spain), accessory in rock-salt strata (Berchtesgaden) ; also in 
mineral springs (Carlsbad in Bohemia), and salt lakes. 

75. Ahmite (Aiwnwtone). — Rhombohedral. The crystals 

mostly very smaO^ and dnstered in geodes. Usually massiTe, 

in granular, earthy, and compact aggregates. It ocenrs mixed 

and interlaced with quartz, homstein, and felsite. Cleavage 

basal. H.=:3*5--4. S.G.=2*6— 27. Colouriess, white, yeU 

low, or reddish. Lustre vitreous, with mother-of-pearl lustre 

on the basal cleavage faces. Translnoent. Cp.:=KS+8AlS+ 

6H. In test tube gives out water. Bp. decrepitates violently 

and is infusible. Not affected by muriatic acid ; soluble in 

heated concentrated sulphuric acid. Alum is manufactured 

&om this mineral by heating and adding water to it. 

Alunite is met with in the largest known quantiiies at La 

B 2 
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Tol£» near Borne, where it occurs in small geodes in decom- 
posed trachyiic rocks, and owes its origin to the action of 

sulphuric acid (a product of volcanic agency) upon the rock 
during long periods of time (Mnzay, Hungary; Montdore, 

Auvergiie). 

76. BoracUe,' — Mouometric, tetrahedrai. The crystals some- 
times show combinaiions of the cube, the rhombic dodeca- 
hedron, and tetrahedron. Always porphyriticall}- imbedded. 
Cleavage imperfect. Fracture conchoidal. Brittle. H.=7. 
S.G.s=2'97. CJolonrless, white or greyish, yellowish, greenish. 
Lustre vitreous to adamantine. Transparent to translucent at 
edges only. Cp.sMg^B^. Bp. intamesces, fuses with diffi* 
culty, forming a pearl which, wliilst lioi, is transparent and 
yellowish, and when cooled is white and crystalline, acicular. 
It colours ttie flame i^reen when fused with sulphate of soda 
and fluor spar. In muriatic acid it is perfectly soluble. 

Boradte occurs, as an accessory only, in gypsum, anhydrite, 
or rock-salt (Liineburg in Himovcr, Seegeberg in Ilolstein, 
Luneyille in France; in the last place in radiated fibrous 
masses). A fine-grained to compact rock, which occurs in 
subordinate masses in the salt mountains of btassfurt near 
Magdeburg, consists essentially of boracite with some chloride 
of mag^ncsium. It is called stassfurtite. 

77. BoraoB (Tinkal). — ^Monoclinic, isomorphous with pyrox- 
ene. The crystals usually broad and short, columnar. Cleavage 
cliuodiagonal and prismatic. Fracture conchoidal. iL= 
2 — ^2 '5. S.G.=1*72. Colourless, or more usually yellowish 
and greyish- white. Lustre resinous. Translucent. Cp.= 
NaB^-f lOH; usually impure. Bp. decrepitates with n^id 
heating, pufis up violently, becomes black, and finally melts to 
a transparent colourless powder« It tinges the fiame reddish- 
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yellow. If moistened with sulphmic acid, it tinges the flame 
green. 

Borax is met with in loose crystals and crystalline grains 
or incrustations) associated with rock-salt, on the shores of 

several lakes in Thibet, where it is a recent formation. Clear 
lake in CaJifomia) in czystals several inches long. 

F. PHOSPHATES, 
(a) ANHTDBOUS FHOSPHATSB. 

78. ApoMle (Spargehteiny Phosphorite). ^HeisnhedrdX hexa- 
gonal. The crystals short, colonmar, or tabular ; also massive, 
in granular, fibrons, or compact masses (phosphorite). Cleay- 
age prismatic and hssio. Fracture conchoidal to tmeven^ and 
splintery. Brittle. H.=o. S.G.s3'25. Colourless, white, 
but more usually light green, blue, or grey. Lustre yitreous 
on crystal laces ; resiTious on fracture or cleavage surfaces. 
Cp.=30a3P+iCa(Gl,F), with sometimes Mg and Fe. Bp. 
only fiisible in thin laminae. If moistened with sulphuric acid, 
colours the flame bluish-green. Soluble in muriatic and in 
nitric acids. 

Apatite is met with — (i ) as an independent rock or in con- 
cretions, principaUy in strata of the Browncoal formation, more 
rarely in the Chalk formatioii.s, always massive (phosphorite) ; 
irequent in the Oberp^edz of Bavaria : (2) as an accessory con- 
stituent of rocks, especially tiie volcanic (nepheline-dolerite 
at Lobau in Saxony ; basalt in Bohemia ; volcanic rocks of 
TumiHa and in meteorites) ; in talc*schist (ZiUerthal), and in 
limestone (Gouvemeur in North America, Ajrendal, Pargas) ; 
(3) very irequent in veins of tin-ore. 

It wHl be therefore seen that apatite in many cases must be 
a formation by wet process, and in others a plutonic pr<3duct. 
Daubr^e has succeeded in producing artihcial crystals of 
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apatite hy oonducting fames of cUoride of phosphonift oyer 
heated quicklime. 

79. Turqwns (0(daiie), —Amor^haoB in cavities and veins, 
reniform or stalactitic. Fracture conchoidal to uneven. H. = 6. 
S.G. =2*6^-2*8. Colour skj-blue to Teidigiis-green. Streak 
greenish- white. Lustre feeble. Translucent at the edges to 
opaque. Cp.=Al'P+dH, with some Cu up to 3 per cent. 
If heated in test tube, it gives water, decrepitates violently, 
and becomes black. Bp. infusible ; tinges the flame green. 
Soluble in acids. 

Turquois is met with as an incrustation in the fissures of 
Lydian stone ; veiy precious varietieB in Persia. Also occurs 
in sandstone in Arabia. 

(6) HYDBOUS PHOSPHATES. 

80. Viv i an (te (Blue Iron- Earth), — ^Monoclinic. The crystals 
usually single, attached, also fibrous, divergent^ earthy. Cleav- 
age clinodiagonal, very perfect ; in thin laminae, flexible. H. = 
1*5 — 2. S.Q-.=2*66. Colour indigo-blue to blackish*green, 
sometimes white, and becoming blue by exposure. Lustre on 
cleavage sur^M^s, mother-of-pearl. Translucent. Cp.sFe^f^-|- 
8H. Bp. in matrass gives out much water, puffs up, and 
becomes particoloured grey and red ; on charcoal bums and 
becomes red, and then fuses to grey, lustrous, and magnetic 
globule. E-eadily soluble in muriatic and nitric acids. 

YiTianite is usually a product of decomposition from magnetic 
pyrites, in veins traversing the clay slate (St. Agnes, Corn- 
wall), or in granite (Bodenmais in Bavaria). The earthy 
variety is very frequent as an accessory constituent of turf 
mosses and Tertiary rlfiys. Pseudomorpiious m form of oysters 
and belemnites in 2^ew Jersey, U. S. 

81. Wavcllitc {Lasionite). — Trimetric. The crystals usually 
small, acicular, and clustered to reniform aggregates of radiated 



Digitized by Google 



NITRATES, 



S6 



stractare. H. =3*25— 4. S.G.=2'34. Colourless, white, or 
coloured grejisb, or a beautifiil green or bine. Lnatre yitreons. 
Cp. = (Al^P-f 18H) +^A1F. Bp. in matrass gives cutwater 
aad traces of hydroflnorio acid. In the forceps poffo np and 
tinges the flame binish-green, especially if moistened with 
snlphnric acid. 

WaveDite is met with as an accessory and a secondary 

product in fissui*es ul a soft clay-slate at Barnstaple in Devon- 
shire ; in Lydian stone at Langenstriegisy near Freiberg ; and 
in Devonian sandstone at Zbirow in Bohemia. 

G« NITRATES. 

82. Nitre (SaUj)etrc). — Trimctric. The crystals prismatic, 
isomorphous with aragonite, but usually only very thin^ 
capillary, and aoicular. Fracture conchoidal. H.aas2. S.G. 
sb1-9. Colourless, white and grey. Lustre vitreous. Taste 
saHne, cooling. Cp.=sKN. Beadily soluble in water; defla- 
grates vi^ddly on glowing charcoal. Bp. fuses easOy on pla- 
tinum wire, tinging the flame violet. 

Kitre occurs as a separate formation in the caverns of 
several limestone mountains (Ceylon, Calabria), aa an efflores- 
cence from the sur&ce of the ground, especiaJly in hot weather 
after rain (Aragon, Hungary, East India) ; also in springs. 

S^, Niira^tim (Oh$/iMltpetre). — ^Bhombohedric. In crystals, 
and crystalline grains ; cleavaf^e, rhombohedric. H.=1'5 — 2. 
S.G.=^2'1 — ^2'3. Colourless or light coloured. Transparent to 
translucent. Taste saJine, cooling. Cp.=NaN. Soluble in 
water ; deflagrates in glowing charcoal, but less vividly than 
saltpetre. Bp. foses, tinging the flame yellow. 

Kitratme iii a marine product, found m grains mixed with 
the sand, aad associated with gypsum, rock-salt^ and glauber- 
salt, occurring at many parts of the coast qf Chili. 
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CABBONATES* 
(a) ANHTDBODS GABB0NATB8. 

The most important of the carbonates are those comprised 
in the Calcite group. The calcspar and dolomites form whole 

mouiitain ranges (limestone and dolomite) as woW as isolated 
mineral formations of minor extent in cliffs, fissures, and 

veins. 

They are chiefly of neptunian origin, partly crystalline or 
compact precipitates ; partly formed 1\ s|)ring8 ; and partly 
the result of organic processes (chalk, coral). There are 
probably no limestone rocks of plutonic origin, although 
carbonate of lime under high pressure is capable of fusion 
without chemical decomposition. The minor mineral forma- 
tions in clefbs, veins, dykes, and geodes are doubtless, for the 
most part, the result of infiltration. 

All calcites are rhombohedral in GrystaUisation. Calcspar 
alone presents great variety of form. Its crystals are grouped 
and interlaced in almost every conceivable shape and fashion, 
and the uncrystallised varieties ore fibrous, granular, compact. 
The cleavage of the ciystala is rhombohedral, very perfect. 
The angle of the cleavage rhombohedron is the most charac- 
teristic distinguishing feature of the different species, which 
can only be determined in many cases by an accurate measure- 
ment of Hiat angle. Fraotare conchoidal, but in the crystal- 
lised varieties it is somewhat difficult to obtain a genuine 
fracture. The colour is usually white, grey, yellowish, reddish, 
or brownish. Lustre vitreous, sometimes resinous. Calcspar 
and magnesite alone are sometimes perfectly transparent^ 
the other calcites at most only attain translucence. The Cp. 
of all calcites comes under the general tbrmuliB ilO. 

The following are the principal species of this important 
group of minerals 
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84. Cakspar {Calcareoua Spa/Tj CtdcUe), — H.s=2*5 — 3*5. 
S.G.=2'5 — ^2'8. Cp.ssOaC, usually wiiih small quantitieB of 

• • • 

Fe, Mg, Mn. Bp. invisible, but bums to quicklime with a 
bright fight. Beadily soluble in muriatic acid, eren in large 
pieces, with, efi'ervescence, caused by the evolution of carbonic 
acid. 

Limestone, marble, chalk, oolite, |ji4>oiite, coral, are some of 
the most important of the very numerous varietiee which 
form independent rocks, and will be described hereafter as 
such. Marl is a mixture of clay and lime. Iceland spar is 
a pure transparent yariety of calcspar. Anthraconite is 
coloured bla<ik by admixture of caibun. It would lead us too 
far to attempt to enumerate aU the varieties of this very 
abundant mineral. 

Calcspai* stands next to quartz m importance, as consti- 
tuiing the mineral of the greatest frequency after it, and 
forming nearly as large a portion of the earth's crust. 

85. Magnenite (Ta^c-^jpar). — H.s=3'd— 4*5. B.G.=2'8— 3. 
Cp.=:;MgC, usually also some Fe. Bp. becomes red if iieatcd 
with cobalt solution. Soluble in acids, if powdered and heat 
applied. 

86. Dolomite (Bitter, 8j>ar, Bromi Spar, Ankerite), — H.= 
3-6—4. S.G.=2-86— 2-92. Cp.=CaC+MgC, usnafly with 
admixtures of ¥e and Mn. Ankeriti; is particularly rich in 
iron. Bp. invisible, bums to caustic. Does not usually effer* 

vesee with muriatic acid, and is only soluble in that acid if 
powdered and heat applied. 

87. Brewmeriie (Bitter cmd Brown Spar, in part ; Mesitine 

^^ar)._Cp.=FeC+2MgC. H.=4-5. S.G.=a— 363. 

88. Spathic Iron (Sparry Iron^e^ Sideriie), — ^H,=3'5 — 4*6. 
S.G. 3'7 — 3*9. Colour always yellowish-grey or yellowish- 
brown. Op. EeC, with some Mn, Mg, and Ca. In matrass 

decrepitates and gives out carbonic acid. Bp. infusible j but 
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becomes black and magnetic. Solnble in acids without Heat 

applied (effervescing). 

In the compact state, or when occarring in reniform masses 
or concretions, this mineral is termed Sphceroaideritef and if, 
moreover, combined with clay, Glc^ Ironstone. 

89. Zinc Sj)ar (Calamme^ ChUmey, in part). — H.s5. S.Q-. 
=^4 — Cp.sZnU, with small quantities of Fe, Mn, Ga, 
Mg. Bpr loses its carbonic acid, and then shows reaction of 
oxide of zinc. Readily soluble in acids, with effervescence. 

90. Aragcmte. — Trimetric. Crystals nsiially oolnmnar, with 
inclination to twin formations. Singly imbedded or clnstered 
in geodes ; also occurring in divergent and hbrous aggregates 
and stalk-like, ooralloidsl shapes (flos ferri), or in the form of 
peastone (pisolite). Cleavage brachydiagonal, distinct; pris- 
matic, and brachydomatic, imperfect. Fracture, oonchoidal 
to uneven. H.=3'5 — 4. S.G-.=2-93. Colourless and coloured 
yellow, wine-yellow, reddish. Lustre vitreous. Transparent 
to translucent. Cp.sCaC, very often with SrC (up to 2*4 
per cent.), also some CaF. Bp. in matrass decrepitates 
violently, and Mis to a white coarse powder; on charcoal 
burns to caustic lime ; if containing stroutian colours the 
flame carmine. Soluble both in muriatic and nitnc acids, 
with effervescence. 

Aragonite occurs as an accessory in clay and gypsum 
(Mohna and Valencia in Aragon). In clefts and veins of 
vesicular cavities of basaltic rocks (Bilin, Bohemia). Flos- 
ferri is formed in great perfection in the Styrian iron mines. 
A fine fibrous variety called satinspar is found in thin silklike 
veins traversing the sliaie at Alston Moor. Peastone (sprudel- 
or erbsenstein) occurs in great beauty at Carlsbad. 

Ax'agonite is entirely a watery product. Il is said that 
whereas cold springs can only produce caJcspar, hot springs give 
birl^ to aragonite. Moreover, according to Becquerel, aragonite 
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is formed hj the action of a saturated solution of NaC* on 
gypsum, bnt calcspar if the solutioiL of NaC be muoh diluted. 

(b) HTDBOnS CABBONJLTES. 

91. Trona (ITrao). — ^Monoclmic. Crystak broad, colimmar ; 
in direction of borissontal axis, also in fibrous and divergent 

aggregates. Cleavage orthodiagonal, perfect. H.b2 '5 — 3. S.G. 
:s2'l. Colourless or grej. Lustre bright vitreons. Transparent. 
Cp. =Na^C^ 4-4)11. Sometimes with some NaCL Does not alter 
by exposure in a dry attnosphere. Yields water in matrass. 
Soluble ill dilute mui'iatic auiii with brisk effervescence. 

Trona forms an independent rock (Mgzan, Korih Aj&ica). 
It forms a crust on the ground on mountain slopes at Mara- 
caibo in Peru ; and occurs as an eflioresceuce near Sweetwater 
River, Itocky Mountains, mixed with sulphate of soda and 
common salt. 

92. Natron (fiarhonaie of iSoc^a). — Monoclinic. Is only 
known in nature in form of incrostetion, or nu»]y efflor«Bcence 

on the surface of the ground, or various rocks. H. = l — ] 5. 
S.Q-.srl'^. Colourless, white or grey. Lustre vitreous, dull. 
Taste alkaline. Cp. !NaC + 10H. Unlike trona it weathers 
rapidly on exposore to the air. Liquifies at a moderate tem- 
perature, and dissolves in its own water of crystallisation ; 
otherwise, however, has the same attributes as trona (Egypt, 
Hungary, Vesuvius). 

93. Malachite. — Monoclinic. In aggi-egates composed of 
minute crystaltisations, acicular and capillary, lamellar, botry- 
oidal, and stalactitic, fibrous to compact. Cleavage when crys- 
tallised basal and cliuodiagonal, very perfect. H.=:3'5 — 4. 
S.G=3'7 — 4. Colour emerald- to verdigris-green. Streak 
verdigris- to apple-green. Lustre of crystals adamantine and 
vitreous ; of aggregates silky to dull. Translucent to opaque. 
Cp. = Cu2C4-JJ.. in matrass yields water and blackens. Bp. 
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tuscB on charcoal, and is finally rodnced to copper. Soluble 
in acids, with effervescence. 

» Malachite occurs an au accuHsury in viirious rocks. It is 
doubtless usually, if not always, a product of the decomposition 
of oopper-ores (Siberia; Chessynear Lyons; Cornwall). It 
very irequentiy ifi found in the ibrm of a pseudoniorph of 
aanirite and red copper-ore. 

94. Azuriie (^Lamrite, Blue Copper-oro). — Monoclinic. Crys- 
ials columnar or tabular, usually in clusters or geodes ; also 
massive and earthy varieties. Cleavjif^c clinodomatic, toler- 
ably perfect, fracture conchoidal to uneven, and splintery. 

H. = 8'5— 4*25. S.G. s3'5— 3*8. Colour azure-blue, in earthy 
varieties smalt-blue. Lustre vitreous. Translucent, opaque. 
Cp. = Cu^C^ + H. Bp. similar to malachite. 

Azurite rcsembleB malachite in the places where it is found 
in nature, and in the mode of its occurrence in other respects. 
The earthy variety of azurite may, from its outward appearance, 
be easily mistaken for vivianite. 

I. OXIDES OF ELEMENTS OF THE HYDKOGEN GROUP. 

The oxides cbtlected under this head properly speaildng 
belong more justly to the family of earths (Nos. 1 — 3). Wo 
have, however, postponed their consideration in order to give 

place as far as possible to those minerals wliich ai'e moi*e im- 
portant to the geologist. 

(a) ANHTDB0U8 0XIDB8. 

95. Sjjinel {Ceyloniie, riaovuiste^ AulmrwllLef Gahnite). — 
Monometric, usually octahedrons and rhombic dodecahedrons. 
Ciystals singly imbedded and attached, seldom gathered into 
geodic clusters. Cleavage octahedral, fracture conchoidal. 
H.=8. S.G. =3*5 — Usually coloured, red-blue, green, 
yellow, blown, or black. Lustre vitreous, sometimes 
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resiiicms. Transparent, translnceiit, opaque. Cp.^RAl; B=: 
(Mg,FeyCa,Zi^Mu), and a part of the Al is sometimes replaced 
by Fe and a litUe Or. The varyini^ composition giyes rise to 
distmgoishable varieties of the mincnil. Thus MgAl, red, 

• • • 

transparent, is spinel proper ; (M^,Fo)AI, black, translncent 
at the edges, is pleonaste ; ZnAl, greenish-black, translucent at 
tiie edges, antomolite. Bp. the redyarietieB infnsible, but lose 
their colour ; on cooling the colour returns. The black 
varieties fuse to a dark-green bead. The zinc-spinels -with 
soda give oxide of zinc. Kot afifected by acids. 

Spinel occors as an accessory in gronnlar limestone (pleon- 
aste at Ifonzoni ; bine spinel in I^ortb America in several 
places), in gneiss and talc-schist (the automohte of i'ahlun) ; in 
the vesicnlar cavities of volcanic rocks (Somma), and in alln- 
vium (Ceylon). Sometimes spinel is a product of metamor- 
phosis, e.g. of the action of syenite on limestone, at Honzoni. 
Ubelmen has also sncceeded in producing spinel artificially 
by igneous means. 

96. McbffnefiG Iron-ore (Magnetite, Oxydulated Iron), — Mono- 
metric, most usually hi octahedrons and rhombic dodeca- 
hedrons. Crystals imbedded and attached, and clustered in 
^eodes ; very generally massive in granular or compact aggre- 
gates, also earthy (eisenmulm). Cleavage octahedral. Frac* 
tore conchoidal to uneven. Brittle. H.s=r5'5 — 6*5. S.G.a= 
4*d — 5'2. Colour iron-black. Streak black. Lustie inetalhc. 
Opaque. Very strongly mimetic. Op. =FeVe, sometimes with 
Bome Mg. Bp. fuses with difficulty, and with borax gives iron 
reaction. The powder completely soluble in muriatic acid. 

Magnetic iron-ore is found in separate bods (i\j*endal, 
Dannemora) ; it also occurs as an accessory in many rocks, 
especially in chlorite-chist, talc-schist, serpentine, granite, 
syenite, basalt^ and limestone. 
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97* Ohromic Iron^e (OAiromt^). Monometric m ocia- 

liedxons, usually massive, in granular aggregates, and dis- 
persed. Cleavage octahedral, imperfect. Fractme conchoidal 

to uneven. H.=5'5. S.G. = i?*3. Colour brownish-black. 

Streak brown. Lustre aemi-metaUic. Opaqne. Sometimea 

. ••• • « 

magnetic. Op.ssFeCr, wifh some Fe replaced hj Mg and 

some Or by Al. Bp. invisible. With borax it fiises to a green 

globule. If ftused with saltpetre and dissolyed in water, it 

yields a yellow solution, which shows the reaction of chromic 

acid. Scarcely affected by acids. 

Chromic iron very frequently occurs as an accessory in 
serpentine (Islands of Unst and Fetlar, Shetland), rarely in 
dolomite (Hoboken, New Jersey). 

9b. Hematite {Speouktr IroUf Bed Iron'Ore). — BJiombo- 
hedral; in rhombohedrons, pyramidal or tabnkur crystals, 
which are singly imbedded or attached in groups (Specular 
Irm, Micaceom Jron), or snbcrystalline, frequently fibrous in 
botryoidal, reniform, or stalactitic masses ; also granular, 
lamellar, compact, and earthy textures {Bed Hematite^ Fibrous 
Bed Iron, Scaly Bed Irony Bed Iron FroHy Beddle^ or Bed Chalky 
<Sbc.) The crystallised varieties have : — Cleavage basal and 
rhombohedral, imperfect. H.::^5*5 — 6*5. S.G. s= 4*5— ^'3, 
Fracture conchoidal to uneven. Colour iron-black to dark 
steel-grey. Streak cherry- or blood-red. Lustre metallic. 
The subcrystallin6 yarieties have : — ^H.s53*5 only. S.G.=3 
4f O — 4!*9. Colour blood-red to brownish-red, sometimes pass- 
ing over into steel-grey. Streak blood-red. Lustre dull. 
Cp. = Fe, sometimes with some Ti. Bp. both varieties become 
black and magnetic in the reducing flame. In acids but slowly 
soluble. 

Specular iron (eisenglanz) includes the yarieties with perfect 
metallic lustre ; red iron-ore the amorphous varieties. The sub- 
crystalline yarieties of hematite frequently contain impurities, 
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giHceonB, argillaceous, Ac, Itabiiite is a granular varieiy of 

the same mineral contaming quartz, jaspery clay -iron ; reddle, 
argiUaceoiiB iron. Hematite fomiB independent rocks and 
beds, sometimes horizontally imbedded between the strata of 
otiier sedimentary rocks. It also forms an essential constitaent 
of micaoeooB iron-gneiss and micaceons iron-schist. It is like- 
wise met with as an accessory m many other rocks. At Vesuvius 
and ^tna it fills clefts in laya, or is found in vesicular cavities 
of lava, where it is probably the result of the decomposition of 
fames of chloride of iron by the vapour of water (steam). In 
other cases it is usually a product of metamorphism from 
spathic iron and brown hematite. Again, it is sometmies pos- 
sibly a direct hydrogenic formation (especiaUy where it ia 
pseudomorphous of other minerals or dendritic on the suriacts 
of rock defto). 

99. TitaniferouB Itwh (TUamc Iron^ore, Umemte, Orichtomte), 
— Rhombohedral, isomorpbous mth specular iron. Crystals 
imbedded singly, or attached in groups. Also massive, in 
granular lamellar aggi'cgates, or dispersed in grains. Cleavage 
sometimes rhombohedral. Fracture conchoidal to uneven. 
H.s5 — 6. S.G.ss4'5-— 5. Colour iron-black to brown or 
steel-grey. Streak black to bruwnish-red. Lustre semi- 

■ • • ••• 

metallic. Opaque. Cp.=Ti and Fe in various and probably 

indefinite proportions, sometimes with some Mn, or Mg. It 
wiU be seen that this composition admits of a near approach to 
that of hematite, and in truth the division between the two is 
not very definitely marked. Bp. infusible, with fiuxes gives 
the reactions of iron and titanium. If heated in concentrated 
sulphuric acid, it gives a blue coloui\ Soluble with diiheulty 
in muriatic or nitric acid, titanic acid being separated. 

TitaniferouB iron is an accessory ingredient in many rocks, 
especially m basalts and dolerites, also in talc-mica-schist 
(Ctofltein), miascite (Bmensee near Miask), granite (Aschaf« 
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fenbnrg). Very frequent in riyer deposits (Menaccam in 

Cornwall). 

100. Bravmte. — ^Dimetric. CrystalB nsually' small and in 
pfTTttmids resembling the ociahedron, clustered in geodes and 
in grauuiar aggregates. Cleavage pyramidal, tolerably per- 
fect. H.sd— 6-5. S.a. =4-75-^-82. Colour iron-black to 
browuish-black. Streak black. Lustre metallic, resinoufi. 
Opaque. Cp.=Mii or MnMn. Bp. infusible. With borax, 
pliospiiur-sarlt, or soda gives the reaction of manganese. Solnble 
in muriatic acid, chlorine being erolved in the process. 

Brannite occurs sometimes as an accessoiy in other rocks, 
chiefly, however, in veins. (In the porphyry of Oehrenstock 
near Ilmenau, Elgersburg in Thuringia.) This mineral and 
similar niaiii^:ni(>se products very frequently fovm dendritic 
coatings to the faces of clefte in rocks. These dendritic forma- 
tions are usually exfiltrations from the mother rock. 

101. H(m87]fumnU6(Braumtein), — Dimetric. Crystals always 
pyramidal, grouped in geodes. Cleavage basal, tolerably per- 
fect, pyramidal le^s distinct. H. = 5 — 5*5. S.G.=4'7. Colour 
iron-black. Streak brown. Lustre bright metallic. Opaque. 
Cp. = Mniin. Bp. like oxide of manganese. Soluble in 
muriatic acid, with disengagement of chlorine. In concen- 
trated sulphuric acid, after a short time, assumes a bright red 
colour. 

Hauamannite is usually found in separate beds (Bmenau in 

Thuringia, Ihlefeld in the Harz), and would appear to be in 
almost all cases a hydrogenic product, Mn having been first 
dissolved in spring and other watui, and having afterwards 
absorbed more oxygen, from the air. Daubr6e has, however, 
shown the possibility of producing hausmannite by the reaction 
of water in the state of steam upon chloride of manganese at a 
red heat. 

102. roliiiidic. — Trimetric. Crystals usually in short prisms, 
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Teridcally staiped. Also maaaiTe in granular aggregates. 

Cleavage bracliTdiagonal. BL=6-5 — 7. S.G. =4-84— 4-88. 
Coloui* ligkt steei-grej. Streak black. Lustre black metallic. 
Opaque. Op.asMn. Bp. infiisible ; on charcoal changes to 
brown MnMn. Soluble in muriatic acid, with brisk effer- 
vescence of chlorine. 

Pyroltisife is sometimes a mociification of polianite, sometimes 
a product of the transmntation of manganite, a mineral which 
we shall presently notice. The manganite is a compound of 
Mn and water, and it has a strong tendency to part with its 
water and absorb oxygen. Polianite is frequently found in 
beds of the manganese-ores (Flatten in Bohemia, Johumif^eor- 
genstadt, Saxony). Pyrolusite is found in the same localities, 
or associated with iron-ores (Siegen, in inany parts of France). 

103. CasdUerite {Tm^ore, Timtone), — Dimetric. Crystals in 
short prisms or pyramids, very often twins, imbedded or at- 
tached ; also massive, granular, or fibi^ous (wood-tin). Cleav- 
age prismatic, imperfect. Brittle. H.ss6— 7. S.G.=6*3 — 7*1. 
Colour usually yellowish-, reddish-, or blackish-bi*own ; rarely 
colourless. Streak colourless or brownish. Lustre adaman- 
tine or resinous. Translucent to opaque. Cp.sSn, usually 
with some Fe, Mn , Si, and Ta. Bp. unchangeable, on charcoal 
with carbonate of soda reducible to metallic tin. Not affected 
by acids. 

Tin*ore is principally found in metalHferous veins, also as 

an accessory, and especially so in plutonic rocks (greissen, 
granite, and tourmaline rocks). Wolfram, tourmaline, beryl, 
and topaz are afanost always associated with this mineral. 

Tin-ore in nature is doubtless in many cases a product of 
wet processes (we find psendomorphs after felspar in Corn- 
wall) ; but Daubree has also proved tliat crybkdlised oxide of 
tin may be formed by the action of steam on fumes of chloride 
of tin. 
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104. BwHle (Xiijriiit ). — Dimetric. Ciystals alwRys TOlimiimr, 
frequently very thin, acicular and capillary, imbedded and at- 
tached, frequently twizus ; also maasiTe, compact^ or granular. 
Cleavage prismatic, perfect. Fracture conchoidal. H.=6 — 6 5. 
S.G.sB4t'18— 4('25. Colour yoUowiflh- or reddish-brown to black 
(nigrine). Streak yellowish-brown. Lustre metallic adaman- 
tme* Transhiceiit to opaque. Cp.«Ti, with small qnantily 
of Fe. Bp. nnchangeable ; with borax gives reaction of 
titamiua. Not aSeotod by acids. 

Ratile occurs only as an accessory ingredient in rocks ; 
chiefly in greenstones and diontes, rarely in granite (Warwick 
in Axoerica) ; gneiss and mica-soliist (Borre and Shelbnme in 
Massachusetts) j or in granular limestone (Edenvilie in New 
York). 

Danbr^ has produoed crystallised titanic add by iAie action 
of steam upon fumes of chloride of titanium. 

(h) HYDROUS OXIDES. 

105. MangawUe. — Trimetric, sometimes bemihedral. Crys- 
tals always columnar and distinctly marked with vertical 
stripings, frequently grouped in bundles or clustered in the 
form of geodes. Also massive in fibrous, divergent, rarely in 
granular aggregates. Cleavage, brachydomatic very perfect, 
basic and prismatic imperfect. Somewhat brittle. £[.s=:4. 
S.G.=4j"2 — 4s*4. Colour dark steel-grey to nearly iron-black, 
frequently broTvnish-black. Streak brown. Lustre imper- 
fectly metallic. Opaque. Cp. =MnH. Bp. in matrass yields 
water, with borax gives reaction of manganese. Perfectly 
soluble in concentrated muriatio acid, chlorine being disen- 
gaged. Slightly soluble in sulphuric acid, which colours it 
pale red. 

Manganite is found in separate beds wiLii other manganese- 
ores (ihlefeld in the Harz, Lmenau and Oehrenstook in 
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llnirmgian Forest). We have already noticed tiie tendency 
of mauganite to change into pjrolnsite. 

PiUomelane and Wad are two hydrous ores of manganese, 
occurring fireqnently with other manganese ores, or as acces- 
sories in rocks. They are crystalline, also amorphoos, some- 
tunes massive, in reniform, stalactitic, lamellar, and earthy 

varieties. Gp. (of p6ilomelane)=Ejiin^ + H, with Mn, Ba, 
K ; (of wad) very variable, so that it is hardly to be called an 

independent mineral : consists pnnci pally of Mn, Mn, and 

• • • • 

H, with variable proportions of Ba» Ca, Cu, Go (earthy cobalt 

or asbuiaii). 

106. Limomie (Brown Iron^e^ Brown HenuUUe), — Snbcrya- 
talline. In fibrous masses of globular, reniform, or stalactitio 
shape. Also compact or earthy. H.=:5— -5*5. S.G.»3'6---4. 
Colour, clove-brown to yellowish- or blackish-brown, black. 
Lustre silky, shining or dull. Opaque. Cp.=^¥e^H.^. Bp. 
becomes black and magnetic, is Visible in thin iaminsB. With 
borax it gives reaction of iron. Soluble in heated nitric 
acid. 

Inmonite is a very abmidant mineral, sd&ietimes in inde- 
pendent beds, sometimes as an accessory. 

CfothUe or SHlpnonderUe (FeH) is a mineral very closely 
allied to limonite and frequently associated with it. 

II. Fluorides and Chlorides. 

107. Oommon 8aU {Bock^saU), — Monometric. Gzystals 
always cubic; usually in granular or fibrous a ^tl; legates or 
massiye. Gleayage cubic, yery perlect. i^'racture conchoidal. 
Slightly brittle. H.==;2-5. S.0.s21^2-2. Colourless or 
grey, or yellowish, or reddish ; rarely blue or green. Lustre 
vitreous. Transparent. Taste pore saline. Gp.sNaGl, 
very often impure, containing F, Br, KCl, MgGl, and other 

t 2 
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salts. Soluble in 3*7 parts of water. Liquefies on exposure 
to moist atmospheres. Bp. decrepitates in matrass ; fuses on 
cbarcoal and evaporates with strong heat; tinges the flame 
reddish-yellow, and if combined with microcosmic salt and 
oxide of copper, it gives a beautifdl blue flame. 

Rock-salt is frequently met with as an independent rock in 
sedimentary formations of every age. It also occurs as an 
accessory ingredient in clay marls of the salt mountains 
(Berchtesgaden) where it is in the form of cubic crystals 
porphyritically imbedded. In each case it is a neptunian 
product. It is found in a state of solution in sea-water, which 
contains about 2*5 per cent of salt. It occurs in the steppes, 
in ihe sand of the Desert, in inland springs and lakes, and 
finally as a sublimation at the craters of Yolcanos. We shall 
have occasion to mention rock-salt again amongst the rocks. 

108. iSfa^o^mnomeic.— Monometric, usually in uncrystalline 
crusts, stalactites, or as an earthy coating. The ciystais have 
conchoidal fracture. H.sl^l*5. S.C1.=1*5. Coburless, or 
colon ltd yellow or brownish. Taste saline and pungent. Cp. = 
NH^GL Easily soluble in water* Bp. in matrass evaporates 
entirely; with soda emits a strong smell of ammonia. If 
melted with phosphor-salt and oxide of copper^ it colours the 
flame a beautifrd blue. * 

Sal-anuuoiiiac occurs as a product of sublimation in the 
clefts and fissures of volcanic rooks, and many lavas, also in 
burnt seams of ooaL 

109. Fhm {Flmr-spar). — ^Monometric. Cubic form very 
frequent. Crystals single or in groups, attached, also massive, 
in coarse granular and radiated aggregates, or amorphous and 
earthy. Cleavage octahedral, perfect^ so that the conchoidal 
fracture is seldom observable. Brittle. H.s=4. S.Q.ss 
314 — 319. Colour blue, yellow, green, and various. Some- 
times colourless and limpid. Lustre vitreous. TranspaEent, 
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franslnceiit, opaque. Cp.=CaF. Bp. decrepitates Tiolently, 
shows phospJaorescence, and in thin ln^Tnimw f uBes to a clouded 
nuuaSy tmging the flame red. In a atronger flame tiie fnaed 
product becomes iniusible, and acts like lime. Is completely 
decomposed bj concentrated aolphnric acid, giving forth hydro* 
fluoric acid. 

Muor-spar forms independent rooks of subordinate extent. 
It occurs mocrt frequently in metalHferons veinS) from which it 
has occasionally spread into the mother rock. In dolomite it 
BometimeB occurs as an accessory (St. Gk>tthard), and in geodio 
cavities of the variegated sandstone at Waldshut. It is also 
met with as a recent deposit from springs of water (Plom* 
bieres). The last mentioned case proves that flnor-spar may 
be produced by purely wet chemical process. 

110. Oryo^.— Trimetric (P). Hitherto only known in 
amorphous single masses or tluck crants of coarse granular 
texture. Cleayage basal, tolerably perfect. Brittle. H.s8 
2*5. S.G-.sS'd— 8*0. ColoTirless, greyish-white, or reddish. 
Lustre vitreous, on the basal cleavage face mother-of-pearl. 
Translncent. Op.sBNaF+iA12F>. Bp. vety leadily fuses to a 
white enamel, tinging the flame reddish-yellow. In glass tube 
gives the reaction of flnor ; on charcoal also it fuses easOy^ 
but is decomposed, and leaves a deposit of alumina, la con- 
centrated sulphuric acid it is perfectly soluble, giving forth 
hydroflnoric acid. 

Cryolite occurs in a separate bed or layer in the gneiss of 
Arksntfiord in West Greenland. 

III. Sulphurets. Arseaiurets. 

111. Galena {Bhie Lead-ore). — Monometric. Very usual in 
cnbes, more rarely in rhombic dodecahedrons, octahedrons, 
and other forms. Crystals u«ualij attached, clustered in 
geodes, also botryoidal and reniform. Chiefly massive in coarse 
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and fine grained or compact agf^egates. Cleavage culric, very 
perfect. Sectile. H,=2-5— 275. S.G.=7-25-.77. Colour 
lead-grey, sometunes with tinge of leddish colour, sometimes 
iridescent on the snrface. Streak greyish-black. Lnstre me- 
tallio. Opaque. Cp.sPbS, with frequently a small qnantily of 
silver, or also of Fe, Se, Sb. Bp in glass tnbe, evolves solphnr 

and a snUimate of PbS. On charcoal decrepitatoa, fosea after 
the snblimation of the snlphnr, and finally yields a lead globule 
and lead fames. Soluble in nitric acid, with development of 
nitrons acid and precipitate of solphar. 

Gralena is met ^viih as an accessory in many rocks, e.g. 
sandstones (in the form of disseminated grains — Conunem in 
the Eifel) ; in t&e argillaoeons sphsBTosidente of the Coal for- 
mation, and elsewhere. Very ireqnently in veins of ore (in 
the gneiss of IVeiberg, in the Deyonian strata of the Horz, 
in mountain limestone of Derbyshire and Cumberland, in 
granite of linares) ^ also in nests and irregolar masses im- 
bedded, which are usually met with in limestone or dolomite 
(Tamowitz in Silesia, Bleiberg in Carinthia, Alpiyarras in 
Spain). 

Although galena may very frequently be of hydrogenic 
origin, it is not less certainly in many cases a product 
of sublimation ; artificially it is formed in the cracks of 
fdmaces. 

Galena has giTen rise to many secondary products, such as 

cerusite (PbC) ; pyromorphite (3Pb^P + PbOl) ; and naime- 
tisite (3Pb»ls+Fb01). 

112. Blende {Zinchlende, Sphalerite). — Monoclinic, tetra- 
hediaL The dystals frequently irregularly twisted, some- 
times twin growth ; often massive, in granular, rarely in 
fibrous or radiated aggregates. Cleavage very perfect ac- 
cording to the rhombic dodecahedron. Very brittle. H.ss 
3 6 — 4!. S.G.=3*9 — 4i'2. Colour, most frequently brown or 
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black, more rarelj yellow-red, white or colonrletti. Lustre 
adamautme to reainous. Semi-tranfipareat to opaque. Cp.= 
ZnSt someiiaiiieB ooldbiiied with considerable qnantitieB of FeS 
(up to 23 per cent) and a Httle cadmium. Bp. decrepitates 
yiolentljy bat is only fusible at the sharp edges. On chareoal 
in ihe oxidation flame gives sine fbmea. Soluble m concen* 
trated nitric acid, with precipitate of sulphur. 

Its place and mode of oocQxrenoe in natnie are similar to 
tiiube of galena, which is almost always associated with it. It 
has been likewise finutd in the cells of ammonites of the 
brown Jura and Lias formationfl, a &ct which prores its partial 
forination by wet processes. 

113. Oininahar» — ^RhombohedraL Crystals in rhombohedions 
or thick tabular, small and in geodes. Usually massive, in 
grannlary compact or earthy aggregates, dispersed or incmst- 
in^. Gleayage prismatic. IVacture nneven and splintery. 
Sectiie. H.=2-25. S.G.— 8*99. Colour cochineal-red and 
scarlet; streak scarlet. Lustre adamantine. Translucent; 
opaque. Cp.=HgS. Bp. iu matra-ss bums black • iu open 
tubes sulphur boms with a blue flamcy and sublimes, yielding 
fumes of sulphurous acid with black sublimate and a mirror 
of metallic mercury* Soluble in mtro-munatic acid (aqua 
regia). 

Cinnabar forms independent beds, appears as impregnation 
of bituminous shale, or in Teins (Idria), also forms incrustation 
on cleftis of many kinds of rock (granite, clay-slate). 

114. Magnetic Fyrites. — Hexagonal ; rarely cryatalhsed, 
usually massiye and disseminated, in lamellar, granular or 
compact aggregates. Cleavage basal, perfect ; prLsiiiatic im- 
perfect. Fracture conchoidaL H.=^8*5 — kb. S.G.s4'4 — 
47. Colour betwera bronze-yellow and copper-red ; streak 
grey-black. Magnetic. Lustre metallic. Opaque. Cp.s 
Fe^S% sometimes contains Ki. Bp. unchangeable in matrass ; 
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in glass tube gives out S, but no Boblimate ; on charcoal fuses 
in reduction flame to a greyisli black and highly magnetic 
bead. Soluble in muriatic acid, sulphuretted hydrogen being 
developed, and snlphnr precipitated. 

Magnetic pyrites occurs with metallic ores, abo as an acces- 
sory ingredient in many igneons rooks, espeoiallj diorite, in. 
Vesuviiiii Livas and hi meteorites. 

115. FyrUes (Iron Pyrites), — Monometric, in various hemi- 
hedral combinations. Crystals singly imbedded, or combined 
in geodes and various groups ; also in globular and reiiiform 
or fibrous aggregates, or massive. Cleavage cnbic, imperfect. 
Fracture couchoidal to uneven. Brittle. H.=6 — 6*5. S.G.= 
4'8— 5. Bronze-yellow to gold-yellow. Streak brownisli- 
bla<?k. Lustre metallic. Opaque. Cp.=FeS*, with occasion- 
ally small quantities of Au or Ag. Bp. in matrass gives out 
snlphnr and snlphnrons acid, and afterwards acts Hke magnetic 
pyrites. Scarcely affected by muriatic acid. Soluble in nitric 
acid, leaving a precipitate of sulphur. 

Pyrites is found in independent beds. It is also an essential 
constituent of the species of granite called beresite. It is a 
very frequent accessory ingredient in many rocks; very fre- 
quent in the crystalline schists, in diorite, limestone, in clay 
rocks, m coal. It is no less frequent in metalliferoas veins. 

Pyrites is sometimes formed by the action of a solution of 
copperas on organic substances, and this will account for its 
often being found in the form of fossils. WoMer has prodnced 
artificial p}rrites by slowly heating oxide of ix^on, together with 
sulphur and sal-ammoniac. 

116. Marcasite (White Iron Pyrites, Hydrous Pyrites), — 
Trimetric. Crystals tabular or oohunnar, usually clustered 
into groups termed radiated pyrites, spear pyrites, hepatic 
pyrites, cockscomb pyrites, cellular pyrites, according to vary- 
ing texture. Cleavage piiematic, indistinct. Fracture uneven. 
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Brittle. H.=6 — 6*5. S.G.«54*6 — 4-8. Colour grepsh bronze- 
yellow, inclined to green ; tarnishes veiy readily. Streak dark 
greemali-grey. Lustre metalHo. Opaque. Op. like pyrites, 
bat more prone to decompose and turn to vitriol. Bp. like 
pyrites. 

Marcasite is found in separate beds, and as an accessory 
mineral (Brownooal formation of the Carlsbiui region, dolo- 
mites of Tharandt in Saxony, and Oomwall). 

117. Leucopyrite. — Trimetric, usually massive and dissemi- 
nated, granular, or fibrous. Cleavage basal. iVaotnre uneven. 
Brittle. Ii.=5 — 5*5. S.G. = 7 — 7 '4. Colour silver-white, 
merging into steel-grey. Streak black. Lostre metallic. 
Opaque. Cp.sFeAs^, almost always with some snlphnr, 
owing to admixture of mispickel. Bp. in matrass yields sub- 
limate of metalUo arsenic ; on cbarooal strong smell of arsenic, 
and a black magnetic residuum. Soluble in mtiic acid, with 
a separation of arsenions aeid. 

Lenoopyrite is an accessory in many rocks, especially in 
serpentine (BiCichenstein in Silesia), and in metaUiferons veins. 

118. Mispi€kel (Arsenopyrite), —TiimeMo, Crystals nsvaUy 
short prisms, or tabular, singly imbedded, or attached in 
groups; also massiTe, in grazuUar or fibrous aggregates. 
Cleavage prismatic, rather distinct. Fracture uneven. Brittle. 
£L=:5'd-^'6. S.G.=6— 6*4. Colour silver- white, inclining to 
steel-grey. Streak black. Imstre metallic. Opaque. Cp.= 
FeS-4-FeAs, Several varieties contain Ag (Weisserz), Au, or 
Co (Kobalt-arsenldes) . In matrass gives first a red, afterwards 
a brown sublimate of sulphuret of arsenic, finally a sublimate 
of metallic arsenic. On charcoal the arsenic is dissipated, and 
leaves a black magnetic bead, which acte like magnetic pyrites, 
and sometimes gives cobalt reaction. Soluble in nitric acid, 
with separation of araenious acid and sulphur. 

Mispickel is freq^uently met vmlIi m \cmb of ore, is also an 
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aooMOiy ingredifliLt in many iock% e.g. Hie oystaUuie BohistB 

(Kougsberg in Norway, Freiberg, Franconia in New Hamp- 
abire), and serpentme m TariooB looalitifia. 

119. Ghalcopyriie (Copper PifTites). — Dimatrio. Tetraihedral. 
Crystaia usually small^ irequentiy of regular twin growth oiten 
mABsiTe. Cleavage pyramidal, aometimes diaimct. Fracture 
coiichoidal to uneven. Uuiike ])j rites, is very little brittle. H. = 
3*5—4. S.a=4i'l— ^-3. Cobor baraaB-7elk>w, acmietiineswiih 
tarnish of gold colour and iridescence. Streak black. Lustre 
metallic* Opaque. Gp.=sCu^S+Fe*'^S^. Bp. becomes black 
Ofn^ooUng, red, and fuses at a strong heat to » magnetic bead 
of steel-grey colour ; with borax and soda gives a copper bead ; 
when moistened with muriatic acid tinges the flame a beantafiELl 
blue. Soluble in nitro-muriatic acid (aqua regia) with separa- 
tion of sulphur. 

Ohalcopyrite is a very ^quent asaociate of pyrites. Is 
accessory in many rocks, e.g. tourmahne-grauite, Fredazzo, 

IV. Native Elements. 

120. Sulphur, — Trimttric. Ciystals usually pyramidal, 
singly attached, or clnstered in geodes ; also globular, reni- 
form, staJactitio ; with fibrous or compact structure. Cleavage 
basal and prismatic, imperfect. Fracture conchoidal to uneven, 
and splmteiy* Not very brittle. H.sl*5— 2*5. S.G.ss2. 
Colour sulphur-yellow to straw-colour, or yellowish-grey, 
liustre resinons ; on crystal surfieuses adamantine. Transparent, 
translucent. Cp. = S, frequently mixed with clay or bitumen. 
Bp. sublimates in matrass ; inflammable, and bums with blue 
flame to sulphurous acid gas. 

Sulphur occurs as an accessory in rocks, and also as a sepa- 
rate formation in beds. It is formed by sublimation in the 
clefts of volcanoes, also in the neighbouriiuud of biuning coal 
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seaum. Sometunes it ia the product of the deoompoaition of 

metallic salpliureta, or of the sulpliuretted hydrogen of some 
fipiing waters, which are decomposed by contact with the 
atmosphere, and form deposits of sulphur. 

Artificial crystals of sulphur may be produced in great per- 
fedsum by dissolriiig Balphnr in snlphnret of carbon, and set* 
ting it to crystallise at ordinary teiiiperature. Monoclinic crys- 
tals of solphnr, which have not as yet been observed in nature, 
are obtamed on the cooling of melted sulphur. 

121. Qrajphite {Flvmbago), — ^Hexagonal, rhombohedral, usu- 
aUy in six-sided, thin tabular or short prismatic ciystab ; also 
massive, in radiated, lamellar, or compact aggregates. Cleav- 
age basal, Yesj perfect, prismatic imperfect. Very sectOe, 
flexible in thin laminsd. Feel greasy. H.=l — 2, S.G.= 
2*09. Colour iron-black to grey. Streak black, with metaUic 
histre, soils paper, nsed for pencils to draw and write with. 
Opaque. Cp.=C, with some iron, and often containing im- 
purities of Si,Ga, and Al. Bp. bums with difficnliy. If heated 
with saltpetre, puffs up slightly. 

Graphite is sometunes found in separate beds^ and is then 
probably the final product of the transmutation of Tegetable 
remains. It is, however, also found as an accessory ingredient 
in igneous rocks (in trap at Borrowdale, Cumberland, in por- 
phyrite at Elbingerode in the Harz, in granite boulders, Green- 
laud) ; in limestones (liower Styria, Fichtelgebirge), or in 
metalliferous veins (Arendal) ; finally as an essential consti- 
tuent of giaphite-granite, graphite-gneiss, graphite-mica-schist. 
The igneous origin of some graphite voij be inferred from its 
presence in furnace slags, where it sometimes occurs in the 
form of thin lamin». 
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V. Eesins. Organic Compouuds, 

m 

122. Amber (YeHout Mineral Beein), — It isexolitsively fonnd 
in rounded masses of the sliape of drops or fluid substance, 
• and frequently insects and fragments of plants are enclosed in 
it. Fracture perfectly conclioidal. little brittle. H.=2— 2*5. 
S.G.=1*1. Colour yellow or brown in various siiadt^, fre- 
quently with flame-sliaped pencillings. Lustre resmons. Trans- 
parent, tmnjslucent. When rubbed, becomes negatively electric. 
Gp.ssC^^H^O. Bp. fusible, bums with a clear flame, and 
agreeable smell. 

Amber i& a fossil gum-resin, the product of coniferse or ter- 
tiary lignites. It is found as an accessory in strata of the 
Upper Chalk formation (Lemberg), the planercoal (Skutschin 
Bohemia), in pebbles in the diluvium and alluvium of North 
Germany, on the coast of the Baltic, and of Yorkshire and 
Essex. 

123. BUumen {Ai<phalte, NajJitha, Petroleum^ Mineral Fiieh^ 

Mineral Oil). 

Under the term bitumen are included a whole series of olea- 
ginous and pitch- like substances, of which the most important 
are naphtha and asphalte. 

(a) Naphtha, a volatile, and, when pure, colourless, oil with 

bituminous smell. S.G — 07— 0*84. Cp.=C6H\ fre- 
quently mixed with paraihue, asphalte and the like. 

(b) AephaUej a hardened mineral pitch without oil ; massive 

with perfect conchoidal fracture. Colour pitch-black. 
Lustre resinous. Opaque. When rubbed gives a 
strong bituminous smell. Cp. = C, 0, and H in un- 
certain proportions. Easily ignited, burning with a 
bright flame and thick smoke. 

Naphtha flows from the ground in considerable quantitiea 
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(Persia, Pennsjlvania^ Amiano in Parma, Canada, Cali- 
fornia, &c.). 

Asphalte is found in many localities (e.g. at the Dead Sea ; 
Trinidad, where there is a complete pitoh-lake ; at Poldice in 
Oomwall it occurs in gpraoite). 

An intermediate substance between naphtha and asphalte is 
elastic mineral pitch or elaterUe (Castleton in DerbyBhiie). 

All these bituminous substances are of vegetable or animal 
origin, partdj products of distillation of organic remains. They 
frequently occur as admixtures in shales and other rocks, 
which ha ve rpcoived the name of bituminous (Autun in France, 
Bonn, Markersdorf in Bohemia, &o,) 

124. MeilUis (MeUiHte, Honey Stone). — Dhnetric, usually in 
pyramidal crystals, singly imbedded. Oleayage pyramidal, very 
imperfect. Fractare nsnaUy conchoidal. Somewhat brittle. 
H.=2 — 2*5. S.G. = 1*5 — Coioui' honey -yellow to wax- 
yellow, seldom white. Lnstre resinons. Semi-transparent to 
trans hi cent. Cp. = A1(C^0''*) + 18H. Bp. iL cai bunises ^^^tll 
smell of bnming ; on charcoal boms to a white ash, which acts 
like pare alumina. It is readily and completely soluble in 
nitric acid. 

Mellite occurs as an accessory ingredient in Brownooal 

(Artem in Tiiuiingia, Luschitz in Bohenua). 
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CHAPTER II. 

AHALTBIB OF BOCKS. 

MICEOSCOPIC ANALYSIS. 

It not unfrequently happens that the Tfuious mineral 
ingredients of a composite rock are so small and inti- 
mately blended together as to be entirely undistiiiguish- 
able even to the practised eye unaided by magnilying 
power. A simple lens will often render great service in 
this respect, but the aid of magnifying power may be 
carried much further with the microscope. For the mi- 
croBCope very thin plates of a rock, so thin as to be 
somewhat transparent, are cem^ted on glass, and by the 
aid of a powenul instrument, textures apparently quite 
compact are frequently resolved into a web of minute 
crystals, or we find individual crystals become prominent 
(porphyritic) in an actually compact matrix. The form of 
these minute crystals is sometimes to be recognised, and 
so serves as a guide to the determination of the mineral 
in doubtful cases. If we further call in the assistance of 
polarised light, we are enabled to pronounce, with greater 
certainty, on the amorphous or crystalline character of the 
compact mass, and on the character of the crystab which 
by these means are brought to view. 

Delicate investigations such as these no doubt require 
the assistance of complicated apparatus and demand time, 
so that they are quite out of the question for the geologist 
on his travels ; but as we have said, much may be dis- 
covered by a simple lens, which for the practical geolo- 
gical purposes of the general inquirer is in most cases 
sufficient. 

MAGNETIC ANAI.TSIS. 

An admixture of magnetic iron-ore makes many rocks 
magnetic in their entirety, so as to ailect the magnetic 
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needle, or if the iron-ore 1)c present in small quantities 
only, it may be discovered by abrasure with a sharp- 
edged magnet^ the magnetic particles of the powder so 
formed olinging to the magnet like a bciard* As, how- 
ever, magnetic iron-ore occurs in many very different 
rocks, its discovery does not often afford much help to the 
geologist in determining the character of any given rock. 

Fostemann and Delesse have made careful investiga- 
tions of the maornetism of iiiany different rocks. The 
former is of opinion that by means of careful magnetic 
experiments, we ought to be able to ascertain whether a 
rock be of volcanic or neptunian origin, whether it has 
been rendered metamorphic by heat^ whether it has re- 
tained its original position or been subsequently displaced 

Side Fogg^orfiTs Annalen, 1859, voL cvi. p. 100). 
elesse had previously discovered that almost all igneous 
rockB were somewhat magnetic as well as many sedi- 
mentary and metainurphic rocks. (Annales des ]\fines, 
1849, vol. XV. p. 1, and Bulletin de la Soc. Geol. de 
France, 1850, voL viii. p. 108.) 

CHEMICAL ANALYSIS. 

The geological interest attaching to the chemical ana- 
lysis of rocks is chiefly in respect of the nature of their 
origin. 

In the early stages of the science the analysis of com- 
posite rocks was conducted bv mechanically separating^ 
as far as possible, their several mineral ingredients, and 
analysing each mineral species individually ; and this 
method is still sometimes adopted where the parts are 
very distinct and easily to be separated. Compact rocks, 
such as basiUt, were mostly considered as simple mineral 
substances, and so analysed. When, however, it came to 
be recognised that many apparently hcmiogeneous rocks 
were but mechanical compounds of several minerals, 
chemical analysis was directed to the discovery of tliese 
mineral constituents too intimately mixed to be distin- 
guished by the eye. 

Gmeiin introduced the method of treating a powdered 
mass of rock with muriatic or other acid, and so sepa- 
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rating it into a part soluble^ and another part insoluble in 
such acid. These two parts he separately analysed, and 

reduced the results into chemical formulie. The object 
he had in view was chiefly to discover the mineral con- 
stituents of the rock. But this moih of analvsis is in- 
adequate for the purpose, since lew minerals are wholly 
soluble, or wholly insoluble, in acids, and therefore, in- 
stead of the several minerals being separated from each 
otiier, a part of each is dissolved and a part of each left, 
and no definite result as to the original structure can be 
attained. It is found that even the elementary consti- 
tuents cannot be successfully so divided ; but that some 
elementary substances are only partly dissolved and partly 
precipitated by the process. Nevertheless, as a rough 
approximate, and somewhat empirical mode of suircrcsting 
rather than proving the constitutiits of a rock, it is still 
sometimes employed, and may in certain cases be of use. 

As the chemical character of minerals came to be better 
known, less reliance was placed on chemical analysis as 
a means of ascertaining and distinguishing the mineral 
in^edients of rocks. A small number of elements are so 
universal in their character that they enter into the com- 
position of a very large proportion of the whole series of 
mineral bodies, a very slight variation in their propor- 
tionate quantities or couibiuation serving to produce en- 
tirely different minerals, or even the very same elements ' 
in the same relative quantities wearinpr a totally different 
mineral aspect according to slight diiierences in the con- 
ditions of their original formation. Therefore it is that 
chemical analyses have always hitherto failed, and it 
would appear that they must always fail, to detect many 
important mineral differences.^ 

For instance, a rock containing 72 silica, 11 alumina, 
2-8 oxide or protoxide of iron, 1 lime, 1*2 magnesia, 1*2 
potash, 2 soda, and 0*4 water, may either be a granite, or 
a gneiss, protogine, granulite, quartz-porphyry, felsite, 
petrosilex, pitch-stone, trachyte-porphyry, obsidian, or 
pearistone ; and if we take a wider margin for the propor- 
tion of silica, say from 62 to 72, increasing some of the 
other ingredients in proportion, then a rock, such as we 
have described, may be a trachyte, phonolite, or minette, 
for in all the rocks we have named similar values of their 
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dementaiy constituents occur. Again, a rock, containing 
49 — 50 silica, 12 alumina, 5 — 10 oxide or protoxide of 
' iron, 5 lime, 2 — 3 magnesia, 1 potash, 2 soda, and 0 — 1 

water might just as well be a dolerite as a basalt, or a 
nepheline rock, leucite rock, diabase, dionte, gabbio, 
hrpersthenite, melaphyre, or porphyrite, for iu like 
manner those vnhies occur in all tliese rocks. 

On the other hand rocks, the same iu mineral composi- 
tion, may vary in the values of their chemical or elementary 
I ingredients li\ 20, or even 40 per cent. 
' The mineral character of rocks is therefore now sought 
to be determined in doubtful cases by microscopic rather 
I 1km chemical analysis, or by tracing the different sta^^'es 
of a rock's transition from a compact into a distinctly 
^ composite state ; for many rocks (as we shall later have 
■ occasion to show) are iound to pass by gradual stages 
• from an apj)arently hoiiioii;eneous mass into stales where 
their mineral ingredients become distinctly and separately 
! developed so as to be readily recognised. 

Whilst chemical analysis was thus found insufficient for 
determining the mineral character of a rock, it derived 
a new importaDce from <]>e igneoas tlieory of the oonrti. 
tution of the primary rocks, when these came to be con- 
sidered as the [jroducts of the consolidation of a <xeneral 
molten mass once the sole material of the earth's structure. 
The difl*er( lit niiiierals then came to be regarded as of 
subordinate importance in inquiriii<j^ into the origin of 
rocks, and their differing forms of crystallisation or 
structure to be regarded but as accidental consequences of 
slightly different circumstances attending the consolidation 
of the formerly fused Inass. 

In this view even the smn of a separate analysis (if it 
were possible) of all the minerals constituting a rock 
would fail to present a complete picture of its aggregate 
chemical character, unless the exact proportionate quan- 
tity of each mineral could l)e also ascertained, which is 
practically impossible^ although it has been sometimes 
roughly attempted. 

These considerations led to the present mode of analy- 
sis, which is now usually adopted in the case of all rocks 
indiscriminately, whether compact or granular, homo- 
geneous or distinctly composite. This is what is termed 
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in German the ^ Bau.^ch analyse ' (or collective average 
analy^^is). It consists in ])iilverisinor a number of repre- 
sentative specimens carefully selected from varions parts 
of the rock, and in mixing tlie powder thus obtjiined so 
thoroughly as to make the portion taken for the analysis 
a fair average sample of the whole rock. 

The results of these analyses are sometimes combined 
into chemical formula Buch as those by which minerals 
are described. For instance : — 

3(li)Si-f 2K8i, 
or(K)2Si3+R«Si^ 

In such formulae we need hardly say there is always 
more or less of speculation or theory involved.^ 

The idea is to arrive at a view of the chemical consti- 
tution of the origin :il molten mass, and chiefly in the first 

instance of the preponderance of the silica or other acid 
in the compound. In other words, the object is to ascer- 
tain if the original compound forming the rock, when in 
its previous molten state, were acidic or basic in its 
chemical character. It has been sought to express the 
same idea more simply by ^ving the proportion of the 
oxygen contained in the acids to that contained in the 
bas^ of the compound. Thus if, in a compound say of 
silica, alumina, peroxide of iron, potash and soda, the 
silica contain 3 parts of oxygen to 1 of silicon, and 
the alumina and peroxide of iron 1-^ oxygen to 1 of 
aluminum and iron respectively, the potash and suda 1 of 
oxygen to 1 of potassium and sodium respectively, the 
oxygen quotient in a neutral compound would be 

3 : li : 1 

(a proportion which has been actually found to obtain in 
some rocks), and any variation of this proportion on either 
side would cause the compound to assume an acidic or a 
basic character ; thus, 

5 : U : 1 

would constitute an acidic compound, and 

3:3:2 

would constitute a basic compound. 

Bunsen endeavoured to set up two typical rocks, to be 
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termed the tr achy tic and the pt/roxenic, the former con- 
taining much silica (acidic)^ the latter a preponderance of 
bases (basic). 

He endeavoured to bring all the igneous rocks under 
one or other of these two heads^ but soon found many 

rocks of intermediate character. These he re«>;arded as 
mixtures of the two, or rather as the resiult of a coiiibl na- 
tion of the two kinds of original material wliich he 
believed to have existed at tlieir formation. 

He suggested the idea of the existence of two great 
furnaces m the interior of the globe, containing these two 
different mixtures in a molten state ; an idea which has^ 
however, not met with much general &vour or acceptance. 

Others have suggested, with more plausibility, that at 
the time when the whole earth was fluid, its component 
parts would be in some degree separated according to 
their specific gravity, and the silica being the lightest of 
the very abundant ingixiiients of the mass, would prevail 
in greatest quantity at and near the suiface, so that the 
rocks which were first consolidated and the earlier volcanic 
rocks would be acidic, the next formed igneous rocks 
would be more basic, containing chiefly the lighter bases, 
such as alumina, potash, soda or lime ; whilst the latest or 
most recent igneous rodcs would contain the least silica, 
and principally the heavier bases, e.g. iron. It has also 
been suggested that the older igneous rocks, as having 
been formed nearer to the surface of the globe, would 
probably contain more water than those oi lati r origin. 

These, then, are the chief problems which have been 
suggested for Rolntion by chemical means. Tlie most 
simple and useiui oi the chemical differences is that of the 
varying proportion of silica. This quantity when ascer*- 
tained forms a clue to the proportion of the other ingre- 
dients and general chemical character of the rock. Scheerer 
has lately proposed that all' the igneous rocks should be 
divided into nine or ten classes, according to their quan- 
tity of silica, without regard to their mineral character. 

He has pointed out an easy mode of ascertaining the 
prtiportion by fusing the portion of the po>>dered rock 
selected iur analysis with a certain proportion of carbonate 
of potash or soda (about five times its weight). So much 
of the silica as is more than the proportion required for a < 

a 2 
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neutral compound will oombiDe with the potash or Boda of 
the carbonate salt, and drive off a propomonate quantity 

of carbonic acid so that from the quantity of carbonic acid 
so driven off, the quantity of silica contained in the 
original rock may be calculated. 

Without pronouncing on the correctness of any of the 
foregoing speculations*, we may however confidently say 
that for the purpose of lithological classification, au ex- 
clusively chemical grouping of rocks would be utterly 
impracticable. How should the geologist pursuing his 
labours in, the fields or on the mountain^ wait for the 
tedious and uncertain process of a chemical analysis 
before naming the rocks which come under his ken ? We 
must, therefore, still adhere in the main to a mineralogical 
desifjnation and nomenclature, and all the more, as in 
general we find the mineral eharac ti ri^tics of rocivs very 
much coincide with geological phenomena. 

We need not, however, on this account disregard the 
results of chemical analysis, which are doubtless of the 
highest geological interest, and must prove of still greater 
value when they shall have been more fully and exten- 
sively carried out. 

We propose, moreover, to use these chemical properties 
for the purposes of our classification to the extent pro- 
posed by Bunsen of dividing the igneous rocks into two 
great classes, the acidic and the hasic^ merely warning 
our readers that there is, so i'Av as our present knowledge 
extends, no rigid boundary between the two, and that 
the state of our analytical knowledge in general still 
very imperfect. 

With these remarks we present the reader with the 
following extract from the analyses of Both, as given in 
his masterly work on this subject Gesteinsanalysen 
For the sake of brevity, the decimal figures have in some 
instances been omitted or shortened to one figure. 

* See poetj pp. 867 H seq. 
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CHAPTER III. 

PHTSICAL STBUOTUBE OF BOCKS. 



TEXTUBE. 

By the term texture, as applied to rocks, we mean 
chiefly their ])hysical structure, liaving regard to the size, 
shape, and mode of adhesion of their individual mineral 
particles. All rocks may be divided into two principal 
classes^ in respect of the size of their component parts. 
Either the separate mineral particles of which they are 
ocnnposed are large enough to be recognised as such by 
the naked eye^ or they are so small as not to be dis- 
tinguishable in the general mass. In the former case 
rocks are termed granular^ in the latter compact The 
word granular is, however, usually only applied when 
the different mineral parts are all of a granular shape 
of nearly the same size, and are crystallised into each 
other. If on the other hand a rock consists only of 
grains, pebbles, or fragments mechanically cemented 
together, it is termed according to its character either a 
sandstone (arenaceons), a cmghmerate, or a breccia^ which 
terms we shall explain more at large hereafter. 

The term compact is usually only applied to a rock 
when its particles adhere firmly and closely together 
(without being fused into one mass like glass). If the 
particles only lie loosely together so that the mass is 
friable, then that condition is cjilled earthy \ if they are 
intimately blended and fused into a homogeneous mass, 
then the state is termed vitreous or opalescent. The 
vitreous and opalescent conditions are indeed essentialljr 
different from the ordinary compact and earthy condi* 
tions, inasmuch as in the former no individual particles 
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are found, whilst the latter at best are but very fine- 
grained. In extreme cases» however, this difference is 
only to be discovered with certainty by means of polarised 

light. 

Using the terms granular and compact in their 
wider sense, so as to include, on the one hand, the 
sandstones, conglnn I crates, and breccias; and on the other 
the vitreous and opalescent rocks ; we may say that every 
rock must necessarily either be granular or compact — 
that is to say, we either can, or cannot recognise their 
individual component parts. A rock, for instance, 
which is granular cannot at the same time, in the same 
part, be compact, and mee verm* These conditions are 
inconsistent with each other ; although transitions occur 
from one state to the other, and although the same 
mineral conibinalioa may at one place be granular and 
at another compact. 

In the case of composite crystalline rocks formed by 
the cooling of matter previonsly in a state of igneous 
fusion, the coarse-grained, fine-grained, compact, or 
vitreous state is probably the result only of a more or less 
speedy process of cooling. The slower the cooling pro- 
cess, the more time would be allowed for the mineral 
parts to form themselves into separate crystals, and the 
more coarsely granular would the rock become ; the more 
speedy the process, the more compact the rock would be, 
or if the process were very rapid, then the rock might 
even become vitreous. 

The latter condition is almost exclnpively confined to 
those igneous rocks, which contain a hirge proportion of 
silica; in such as contain but little silica, the compact and 
the vesicular state seem to be substitutes for the vitreous. 
If individual mineral particles occur in the form of dis- 
tinct crystals (porphyritically) in an otlierwise compact 
mass ; tiien we may regard this as a sort of intermecUate 
state between the granular and compact — some of the 
mineral constituents, more prone to crystallisation than 
the rest, having developed themselves into crystals earlier 
and more vigorously than those. The very same dif- 
ferences of texture and condition may be frequently 
observed in the products of artificial melting at fur- 
naces. 
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In the case of compact rocks it is often very difficult to 
determine whether the iindistinguishable particles have 
grown together in process of crystallisation, or are only 
mechanically bound together ; whether they consist only 
of one mineral substance or a combination ot several. 

We now proceed to consider the special kinds of tex- 
ture, structures or state. 

The texture of a rock is termed porphyrttic when 
distinct crystals or crystalline particles are distributed 
through an otherwise compact principal mass or matrix. 
The texture of the matrix or principal mass need not, how- 
ever, always be compact : it may be crystalline-granular, 
or may exhibit many varieties of texture. Accordingly 
the porphyritic texture may be subdivided into — ■ 
(a) Porphyritic with compact matrix. — Rocks exhibiting 
this texture are called, porphi/ries, independently of 
the character of their mineral ingredients. 
(jb) Porphyritic with granular matrix, — Kocks exhibiting 
this texture are not csMedi porphyries^ but only por- 
phyritiei such for instance as many porphyritic 
granites, with large crystals of felspar in the gra- 
nular matrix. 

(c) Porphyritic ivilh shaly or schistose matrix, — Mica- 
schist for instance, if it contains garnets, thereby 
becomes porphyritic. 
The crystals thus porphyritically disseminated in a rock 
may either belong to its essential constituents or they 
may be accessories only. 

Schistose (Foliated), Slatt (Cleaved), Shalt 
(Laminated), Fissile are terms expressive of different 
kinds of internal parallel texture of rocks* The German 
geologists have Ae one term * Schiefriy * for all these 
varieties of texture, the common element in all of which 
is their tendency to split in the direction of a given plane. 

This tendency may, however, be the result of very dif- 
ferent causes, viz : — 

(a) By the parallel aiTangement of certain minerals, such 

as mica, chlorite, talc, &c. eminently cleavable in 
one direction. Mica-schist is a rock of this 
character, and the texture is termed schistose or 
foliated^ 

(b) By some cause or causes, not to be discovered by mere 
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ocular obaervatioii, the invisibly small mineral con- 
stituents or particles of the rock arc arrauged so 
as to produce a fissility or cleavage in the direc- 
tion of a given plane, Avhich very often cuts at a 
considerable angle the plane or curved surfaces of 
stratification. The rock itself has frequently a 
compact appearance. The ordinary roofing slate 
is an eminent iDstanee of this texture, which is 
termed slaty texture or cleavage, 

{c) By very thin parallel superposition or lamination of 
the fine partioles of the rock« Thus a fissile tex- 
ture is developed in mud deposits, whether of marl, 
clay, or sand. This is in ti ulii nothing but a kind 
of stratification on a small scale. The thin layers 
of the rock are not in themselves of a fis>sile tex- 
ture. Ordinary flagstones are of this character. 
Or a similar texture may be occasioned by the 
parallel juxtaposition of thin plates or lenticular 
particles of the ingredients of the rock, thus for in- 
stance the laminated texture of certain browncoals 
may be traced to their construclion from an accu- 
mulation of actual leaves of trees, and a similar 
texture of certain amygdaloids is owing to the shape 
and position of the amygdaloidal particles. 

These and similar textures more or less origin- 
ating in the act and mode of deposition, and all of 
which have a tendency to split in the direction of 
their bedding, are called Uiminated or ahaly, the 
rocks themselves shales, 

{d) Occasionally two of the above descriptions of texture 
occur togetiher; Jisnle is a general term which 
may be applied to all or any of the above-named 
textures.* 

• When we wish to be precise, we speak of the ^foliation of sclmt^ 
the 'deamffe of slate,' and the * lamination of shale Jukes. 
See Jukes's Stoden^s Atairaal of Geology (2nd edit), pp. 265—277. 

See also Phillips's Manual of Geolog)^ (1855), p. 48, and in Gloesary, 
under heads of state, schist^ shale, laminated, flagdonB^ l^c. 

See also Pa^^e'a Advanced Text-Book, 3rd edit, pp 74, 81; also in 
Glossary umlf^r heads sfafe, schid, f.^vle, la?ninated,Ji{igs, shale. 

See also Dana's Manual of Geology, pp. 71, 93, 95, 06, 100, 101, 
218| 381y &c. 

All the above-named authorities agree, with very trifling excep- 



Digitized by Google 



TEXTURE. 



91 



As respects the different causes of the above mentioned 
vaneties of the fissile texture, we have seen tluit tlie thin 
stratification j)roductive of tin" Idm'uHtted texture is in- 
variably the consequence of tiie original construction of 
the rock» But if rocks exhibit a 9laty texture, which ift 
not parallel to their bedding, this must haye another 
origin than stratification. 

According to the opinions of Sharpe, Haughton, Sorbj, 
and Tyndall, slaty texture or deavage, when not iden- 
tical with stratification, has in most cases been caused 
by pressure in one direction (viz. at rifrht ani?les to the 
cleavage plane), ai)plied to the rock elilier duriim or- sub- 
sequent to its formation — that is to say, during consolida- 
tion in the case of igneous rocks, during process of trans- 
mutati<m in the case of the crystalline schists, and after 
their deposition in the case of the sedimentary rocks, in 
which it therefore seldom coincides with the plane of 
stratification. (Vide Jonm. GeoL Soc. of London, 
1848-1849, and Phil. Mag., 1856.) 

On the other hand, the conjecture of Poulet Scrope, 
that laminntlon and cleavofje may have arisen from friction 
of some kind appears to us improbable. Nor can we 
subscnhe to the view advocated by Sedofwick, in liis 
otherwise masterly treatise on the structure of large 
mineral masses (Trans. Geoh Soc. 1835, vol. iii. p. 469), 
namely, that this texture is the result of a crystallising 
force, although his view has been partially adopted by 
Sharpe and Murchison. (Vide Siluria, edit 1859, p. 34.) 

Many rocks exhibit, variously developed, a marked 
texture, consisting of parallel fibrous lines or particles, 
with, a parallel linear arrangement, called by Naumann, 
Linear Parallelism. This linear parallelism is of two 
kinds essentially ditit i lnpr from each other. It is cither a 
delicate zig-zag pencilling of slaty or schistose rocks, or 
an elon^a^on or extension of the particles or vesicular 
cavities m one direction. 

The iinear foldings or pencilling of frequent occurrence 

ijODB, in the nomenclature as laid down by Jukes, and which is 
adopted in this translation throughout. It is almost identical with 
that first proposed by Sed<i:wick in 1835. See bis ' Strufture of Large 
Mineral Masses ' in TraiiB. of Geol. ^oc. of London: 2uds^es^ vol. 

iiL p. 4b0. — T£AliSLA.XUE, 
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hi gneiss, inicaHBchist, and olaynslate have tbe appearance 

of having been occasioned by lateral pressure, although 
such an explaiiiition of the phenomenon is open to great 
and various difficulties. Transitions are found from the 
most delicate pencilling to the coarsest foliation. 

Linear elongation or fibrous texture consists of a 
kind of an apparent extension or elongation of individual 
parts, or of all the particles of a ro^ in one principal 
linear direction, by which a texture resembling the ^bres 
of wood is sometimes occasioned ; or else the vesicular 
cavities of a rock, either empty or filled (amygdaloids) 
are elongated in one prevailing direction. In the latter 
case, we may easily explain the origin of the texture by 
supposing the mass of the rock, during the period of its 
consolidation and whilst yet soft, to have been flowing in 
one direction. But it is much more difficult to ascribe a 
cause to the linear extension of the particles in other 
rocks^ as, for instance, in some kinds of gneiss. 

Vesicular, ScoRiACEous(or 8laglike\ Pumicbous, 
are textures of rocks containing cellular cavities more or 
less rounded, and which are evidentiy the result of 
gas bubbles, developed whilst the rock was in a soft 
state either at the time of its original formation, or at 
a subsequent period. If these cavities are only few and 
isolated, then the rock is termed vesicular. If, however, 
they are so numerous as to occupy an equal space with 
the solid part of the rock, then the texture is scoriaceous, 
and if the hollow pait predominates over the solid, then 
pumiceous (bimssteioartig). The shape of the cellular 
cavities is most usually irregular, but sometimes very re- 
gularly spherical, orpearHshaped, lenticular, and occasion- 
ally the cavities are uniformly elongated in a particular 
direction, as if stretched. AIL these differences of shape 
may be easily explained by the circumstances under 
which the vesicuhir mass attained its solid state, whether 
it was in a state of quiescence, or was subjected lu pres- 
sure, or whether it was in motion, and whether such 
motion was fioA^Hno; or irrcf]cular. 

This vesicular condition is most frequently found in 
those igneous rocks which possess a compact, or at least 
a very fine-grained or porphyritic principal mass occasioned 
by rapid cooling. It never occurs in coarse-grained 
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igneous rocks, pr()l)al)ly l)eeause these being always sub- 
jected to a high pressure, crystallised very slowly. But 
even sedimeiitary and metamorphic rocks sometimes con- 
tain genuine vesicular cavities, in which case we must 
always infer the rock to have been in a soft state during 
the development of the gas which caused the bubbles. 

Many rooks are parous without being vesicular, that is, 
they are penetrated with irregular and often even angular 
cavities, not the consequence of the development of <r^s, 
therefore not to be termed vesicular. The dift'erences 
between porous and vesicular textures are sometimes very 
difficult to determine. 

To a certain extent almost all rocks are porous, 
although not so to the naked eye, in the sense that they 
admit of the percolation of water, even if but slowly. 
Daubree has made many experiments upon this kind of 
porosity, Ihe result of which is communicated in the 
Bullet, de la Soc. G^ol. de France, 1861, vol. xviii. p. 183, 
and Delessc has investigated the moist eoii<lition of rucks 
arising from this cause. (Ibid. vol. xix. p. 04.) 

A rock is said to be amygdaloidal when the vesicular 
cavities are filled either wholly or in part with new 
mineral substance. The filling of these cavities is always 
a process subsequent to the formation of the rock. The 
material for this purpose appears, as a rule, to have been 
derived from the rock itseu by a species of exfiltration, 
and usually consists of chalcedony or quartz, or different 
kinds of carbonic spars or zeolites, or sometimes of greeu- 
earth, varying according to the character of the rock itself. 
The arranj^ement of these mineral substances is often very 
interesting ; concentric or horizontal layers, stalactites, and 
stalagmites, are formed within the cavities, or we iind a 
crystallised geode or a compact mass. 

We infer from all the attendant circumstances that the 
formation of these amygdaloids must have been a very 
slow process, and therefore have occupied a considerable 
time m their completion. Hence, we may explain the fact 
that the most recent of all the igneous rocks, the lavas, 
although they are very often vesicular, are never amygda- 
loidal ; whereas the frequency and completeness of the 
filling up of the cavities increases almost in direct ratio 
with the age of the rock* 
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Such igneous rocks as are rich in silica are not only less 
frequently vesicular, but their cavities, when they occur, 
are less frequently amygdaloidal than those witii little silica 
in their comj)osition, which probably arises from their con- 
taining fewer soluble substances adapted to the formation 
of amygdaloidsy in particular, less lime and magnesia. 

There are some appearances which may be easily mis- 
taken for the amygdaloidal texture, but which only arise 
from a concretion of separate mineral parts without 
previous cavities. We shall mention these below under 
the names of spherulitey gloibuUferaus, nodular, and 
variolitic. 

Oolitic texture is only found in limestones and iron- 
stones, and it consists either in the entire mass being 
composed of small cflobnles. or a great number at all 
events of such being contained in the mass. The glo- 
bules are very much of the size and shape of peas or 
grains of millet or lentils, and when broken exhibit a 
concentric or radiated structure. Sometimes many very 
small globules combine to form a larger ball. In the so- 
called roestme the globules are grey, and usually inter- 
nally compact, or somewhat radial in the common oolitic 
limestojic or oolite. They are more frequently white or 
yellowish, and sometiuies formed of concentric layers, or 
they sliow an organic origin. In pisolite or jxastouf' they 
sometimes contam a nucleus of foreign substance, coyered 
with concentric layers or coatings of calc sinter, and tiiese 
layers also show a fibrous radial structure, so that we may 
distinctly recognise the process of structure to have been 
a repeated coating of a grain of sand. 

In oolitic ironstone the grains are partly spherical* 
partly lenticular. In bog-ore they exhibit a concentric 
structure, and sometimes attain considerable size^ culmi- 
natinir in reniform iron-ore. 

The origin of this texture is only to be recoGrniscd with 
certainty in the case of pisolite ; in tin other similar 
formations it is more or less wrapped in obscurity, and 
especially in the Great Oolite beds it is still very pro- 
blematical. L. von Buch observed a kind of oolite for- 
mation on the shores of the Canary Isles very analogous 
in its apparent origin to the pisolite. Virlet d'Aoust 
found a species of oolite in the Gulf of Mexico produced 
by the coating of minute insects^ eggs with lime (Comntes 
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fiendus^ 1857, toL zlv. p. 865). Some recently formed 
limestones, on the surface of coral reefs, are occasionally 
oolitic* Many oolites appear to be formed entirely of 
small and almost spherical shells (these are strictly speak- 
ing not genuine oolites). Deicke comuiunicated a careful 
observation of the texture of roestone in the Zeitschrift 
f. d. ges. Naturw., 1853, p. 188, and more recently in the 
Transactions of tlie Lyons Academy, 1853. Fournet 
published a comprekensive treatise ' Sur la iformatioQ des 
Oolites Calcaires.' 

In many of these rocks it would appear that the round 
grains are, in fact, only the result of a peculiar concretion 
of the homogeneous mass. 

Sph£BULITIC, or Globuliferous (Dana). — A tex- 
ture so named, somewhat similar to the oolitic, occurs in 
some felsitic igneous rocks, mo.st distinctly in pearlstone. 
The round grains consist of pearl-like globules, or simply 
of compact felsitic concretions. 

Another variety of a similar texture sometimes occurs 
in basalt, dolerite, or phonolite, where it appears that the 
rock by a singular process of decay has resolved itself 
into grains of a tolerably round shape. 

NoBULAB texture is closely allied to the oolitic, or some- 
times to the porphyritic, and consists in this — tiiat the 
mass of the rock contains small rounded or lenticular 
or somewhat elongated concretions of a firmer and more 
compact substance than itself. Under certain circum- 
stances this appearance is termed spotted, variolitic, or 
pock-marked. 

There also occur in rocks, but in a very subordinate 
degree, those states which in minerals are termed spabry, 

FIBROUS, or ASBESTIFORM. 

PARTICULAR STATES OF ROCKS. 

There are certain states or conditions (in part identical 
\yith the almve-mentioned textural phenomena) which, 
although they frequently alter the very nature and 
properties of the rock into which they enter, arc never- 
theless not always considered a sufficient reason for 
^ivinsr a distinct name. This is not a consistent mode 
of treatment, for there are many cases in which rooks 
of preciBely the game essential mineral constituents 



Digitized by Google 



96 



PHYSICAL SIBUCTUBE OF BOC&S. 



are called hj different names, by reason only of a dif- 
fering texture; and, again, in cases where a series 
of rocks form a long but gradual chain of transition or 

gradation between two extremes of different character, it 
18 the custom to give distinct names to many members 
of the series arbitrarily selected, and wiiich can only be 
roo^nnled as links in the chain. Still more inconsistent is 
it when the same conditions or properties are used in one 
case as a reason for a distinctioh, and in another not. 
But if we would avc^id tlicse and similar inconsistencies, 
we should be compelled to throw oyer the existing nomen- 
clature of rocks altogether, and substitute an entirely new 
one, which would be more hazardous than the inconsis- 
tencies themselves. 

We will now proceed to describe the most important of 
these special states in rocks, only observing in the outset 
that the terms used for detiniiif^ the mere states are fre- 
quently also used more generally to designate the rocks 
themselves, and they sometimes even embrace a number 
of different rocks. 

!• Lava is not a definite rock, but is the name given to 
every rock which has been originally poured forth 
from a volcano in a state of igneous fusion. Thus 
we distinguish dolerite-lava, basalt-lava, trachyte- 
lava, &c. 

2. H''irlie is the name given to a somewhat decomposed 

state of igneous rocks poor in silica. The mass 
has become movQ or less soft, almost earthy, of a 
yellowish or brown colour, and its mineralogical 
structure quite unrecognisable and only to be 
traced by transitions from the fresh state of die 
original rock. In subsequent pages we shall have ' 
occasion to speak of dolerite-wack^, basalt-wack6, 
melaphyre-wacke, greenstone- wackc, &c., or we 
shall use the adjective ^ wackenitic'** to designate 
this state of those rocks (wackenilic dolerite, &c. ) 

3. Porphyry is the general designation for all porphyritic 

rocks with compact main mass or matrix, whereas 
those with a granular matrix are only termed por-^ 

* We liave here been compelled to coin an adjective for the Ger- 
man ' wackenartig/ an equivalent for which have been unable to 
find in En'^lish text-books. In analof?^ to porphyritic, granitlCy &c., 
we trust the term may meet witli acceptance. — Ibansiaxob, 
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phyriiie. Therefore we distinguish between quartz- 
porphyry, mica-porphyry, trachyte-porphyry, and 

porphyritic granite, trachyte, &c. The quartz- or 
felsitc-porphyries however (with compact felsitic 
matrix) are frequently, par excellence, termed por- 
phyries without further designation. 

4. Amygdaloid {Mandelstein, Germ.) is the name given 
to every rock originally vesicuhu*, whose cavities 
have in course of time become filled with mineral 
substance; hence there are basalt-amygdaloids^ 
melaphyre-amygdaloids^ &c 

5* Scoria or Volcanic Slay, Scoriaeeous, Slay-like^ are 
terms expressive of very open cellular states of 
basalt, trachyte, or other volcanic rock. 

6. J^umice, Pumice Stone, Piuidceous. — These terms are, 

properly speaking, only expressive of the state or 
condition of certain rocks ; but this state is, ge- 
nerally speaking, confined to three kinds of rock — 
trachyte, trachyte-porphyry, and obsidian, whose 
composition is essentially one and the same. 

7. Schisti Slate, Shale, are general terms for rocks con- 

sisting of very different mineral ingredients. The 
indiv idual rocks are distinguished accordiufrly, e, g. 
as mica-schist, chlorite-schist, &:c.,or clay-slate, &c., 
or bituminous shale, ai^gillaceous shale, ^^c. ; or the 
adjectives schistose, slaty, slialy, are used in con- 
junction with the mineralogical name of the rock. 

8* Sandstone, Arenaceous, are general terms applied to 
rocks, consisting of a mechanical compound of small 
rounded or sometimes angular siliceous grains, 
usually quartz. 

9. Conylomerate is the universal designation for rocks 
consisting of rounded stones or pebbles, mechani- 
cally bound or cemented togetlier. 

10. JBreccia is a fxeneral term for rocks consistino; of 

angular fragmens, mechanically cemented together. 

11. Tu^, Tufa. — These terms doubtless in the iirst 

instance were used to express a loose^ or little 
adhesive state of rock. 

Tufa is now principally used to denote an earthy 
compound of volcanic products of the most various 
kind, and 

H 
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Tuff is chiefly applied to ccrtnm calcareous or 
siliceous deposits at the mouths of springs^ very 
porous, aud frequently very firm and tenacious; 
m which case they are termed travertine. 
The four last states in the preceding list are also uni- 
versally made use of as separate classes of rock in them- 
selves, and as such they caiiuui indeed be well dispensed 
with, unless \ve would give separate names to each of the 
endless variety of rocks in each of those states ; a task 
not easily possible^ nor are the varieties of rocks them- 
selves of sufficient importance to deserve such distinction, 

CONCRETIONARY STRUCTURE. 

A molecular arrangement quite distinct from crystal- 
lisation causes clusters of particles to segregate theniselves 
round centres, or otherwise present various and singular 
appearances and shapes^ which have received diiferent 
names. 

Spherical coneretianSf which are very different from 
conglomerates, are frequently found in sandstones, clay 
rocks, marls, limestones, dolomites, quartz-porphyries, 
pitchstones, and greenstones. This structure has given 

rise to various names — the oolite is an instance, so 
called from the egg-shape of the concretions ; pisolite 
is so called from its pea-shaped concretions, &c. Many 
concretions are compact, others are hollow, and their 
interior is sometimes garnished with crystals forming what 
is called a geode, a little crystal grotto ; or sometimes a 
small concretion is found loose in the hollow interior of 
the larger one, so as to rattle in it when shaken {clapper-^ 
stones). Some concretions are grouped together like 
clusters of grapes, or in irregularly kidney-shaped masses. 
These pass over into the nodular or massioe concretions 
(Germ. Steinwulste, Sckhjiu/mstciyie, Losskhidel, &c.). 
Others are lenticular in shape, and are called smfUingSy 
or septaria. The latter is the special designation for 
lenticular concretions irregularly cleft in their interior, 
and frequently into pentagonal clefts on the outside. 
The clefts are frequently filled again with new mineral 
formations such as calcspar, brownspar, or ironspar* If 
their surface be exposed and much washed away by water^ 
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it sometimes occurs that the veins of spar^ as being^harder 
than the coating of the ooncretion^ protrude and show a 
kind of network. • 

These sinfrular structures have been well described by 
Ehrenberg, Parrot^ and docker with engravings. Ex- 
tracts from the treatises of Ehrenberg are to be found in 
V. Leonhard und Bronn's Jahrbuch, 1840, pp. 680 and 
741. The treatise of Giucker on the Laukasteine ap- 
peared in Breslau, 1854. 

Styloiites are a very singular fonnation in certain lime- 
stones, dolomites, or marls ; they consist of irregular and 
longitudinally striped cylinders standing at right angles 
to the rock's stratification^ and often ended abruptly. 
Quenstedt endeavoured to explain their ori^ by sup- 
posing them to consist of spaces left by marine animw 
which had risen perpendicularly in the rock whilst yet 
soft, the tubes or spaces so formed being afterwards refilled. 
(See von L. und B. Jahrbuch, 1837, p. 406.) 

Cojtp in Cone. — Concretions of a conical shape marked 
with concentric rings, lire sometimes to be found in ccitain 
marls or marly limestones (in German these concretions 
are called Tuten, and smaller and more pyramidical con- 
cretions of the same kind are termed Nagel), 

No satisfactory explanation of the last three singular 
forms of concretion has yet been given. 

SPECIAL iOR^dS OF EXTERNAL STKUCTURE, 

There are certain other phenomena of rock stnioture 
(chiefly of their outward structure) which should not re- 
main entirely unnoticed here. We wiii, therefore, pro- 
ceed to mention them, merely premising that they are 
incapable of systematic arrangement, being individual in 
their character and unconnected with each other. 

Stalactites are formations produced in caverns or vesi- 
cular cavities after the manner of icicles, and resembling 
them in form. They are caused by the dropping of 
water holding some mineral in bulutluuj and leaving 
behind a deposit or incrustation thereof. The mineral is 
usually calc-spar, harytes, nragonite, chalceduiiy, brown 
hematite, manganese spar, pyrites, or the like. If the 
incrustations^ on the other hand^ have been formed on the 

B 2 
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floor of the cavern or cavity hj the drops vhen fallen, 
and have so grown upwards, they are called Stalaffmttes, 
Both stalactites and stalagmites are frequently met with 

in caverns of limestone and dolomite, where they are 
occasionally developed in extraoidinary beauty and size. 
In vesicular cavities they are similarly formed, but of 
course smaller in size. Their orinrinal, normal j)ositiou is 
necessarily perpendicular. If tliey are ibund in any other, 
that is the consequence of movement during or subse* 
qiient to their formation. 

Dendrites {Daidritic) are terms applied to certain ex** 
temal crystdlisatious or depoBite, usuaUy arborescent in 
form, which are found incrustin^ the surfaces of joints 
and fissures in many rocks. I?he8e dendrites usually 
consist of oxide of manganese, sometimes of oxide of iron. 
Tlicir oriirin appears to resemble that of the flowers oi ice 
on \vindu\v panes, or the so-called silver trees. 

Slicke?islnlts^ Friction Surfaces (Germ. Rntschflachen, 
Reibmigsjiuclieu, Schlijfyidchen, Spiegelfidchen , or Har-^ 
nische). The surfaces of solid rocks are sometimes found 
to have been naturally smoothed or polished, nnd also 
furrowed or scratched in some one direction. This phe- 
nomenon occurs in the most various kinds of rocks, some- 
times in the interior of the earth, sometimes on the exposed 
surface of the rock. When it occurs in the interior of 
the earthy it has been invariably caused by masses of rock 
pushing and shoving against each other, and forms one of 
the clearest prools of such movements having taken place 
in the solid crust of the earth. Friction surfaces when 
met with on the exposed face of a rock may no doubt 
have been likewise caused in the same manner, and have 
been laid bare subsequently, but in fact they have very 
often been caused by the pro^essive movement of a slacier 
rubbing over the surface of uie rock. These latter motion 
surfaces may be distinguished from ihe former kind by 
the uniform direction of then* furrows, always correspond- 
ing to the indications of the valley, and further by their 
never exhibiting protuberant masses between the furrows, 
as is sometimes the case with the others. Thev are to 
be met with in districts where glaciers once existed. 
Pleating ice is said sometimes to produce similar marks on 
rocky sea-coasts. 
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^fniiy hard rock surlkces exhibit a peculiar smoothness 
with at the same time a wavy conformation or a furrow- 
ing in one particular direction. It has been observed 
that sand set in motion by the wind and driven against 
the surfaces of rocks for very long periods of time, has 
produced the like singular abrasions. This phenomenon, 
first described by Naumann (who ascribed it to glacial 
action), is observable in certain rocks at A\ urzen, in 
Saxony. (See v. L. und B. Jahrb. 1844, pp. 557, 561, 
m); i848, p. 497.) 

It is familiar to everv one how runninfr water will 
gradually round off and eat into the hardest rocks. 
The singular phenomenon of what are called pot-holes 
or giant-holes deserve special mention. These circular 
hollows are formed at waterfalls or rapids by whirl- 
pools carrying sand or pebbles round and round, and, so 
gradually scooping out a smooth round hollow. Basins 
of this kind are found in river beds from a few inches to 
many feet in diameter, and even over the height of a man 
in deptli. In places where the oriijjin of these basins is 
not to 1)6 explained bv any existing waterfall or stream, 
we must presume the former existence of such. 

Somewhat analogous to the pot holes are the so-called 
*Karren^ or ^ Karrenf elder ^ which are terms of Swiss 
geologists for certain rill marks hitherto only observed on 
limestone and dolomite rocks. They usually oidy occur 
in lofty mountain districts, and are very frequent in the 
Alps. They consist of gutters of from a quarter of an 
inch to two feet wide, washed out of the face of the rock 
by the rain, and foiiowiug the lines of its steepest in- 
clination. 

Rocks locally possessinc; different degrees of hardness 
when exposed to the weather and the action of rain often 
present a singular jagged, glandular, or honeycombed 
appearance from the unequal degree of resistance of their 
parts. Thus, for instance, the quadersandstone of the 
Sojcon Switzerland, the argillaceous gypsum of the Kiff- 
hauser, &:c. 

The traces of raindrops are not unfrequently found on 
rock surfaces. These raindrops must have fallen during 
the formation of the stratum, probably at ebb tide, mak- 
ing small holes surrounded with raised rings. These 
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holes have then been covered bv the next stratum, and so 
preserved for all time, like the npple- and current-iaarks., 
which are also of frequent occurrence on the svn-faces of 
some setliiiientary rocks. — Vide Froriep's ^euc Xotizen, 
1839, vol. xi. p. 134 ; Ann. d. Sc. geol. 1843, p. 61 ; 
Compt, rend. 1861, vol. 53, p. 649; Lyell in Royal 
Institution of Grreat Britain, 1851-4, Cepr. und Geologie 
(translated 1858), i. p. 390 ; 1 p» 150. 

Animals also take part in the transfarmation of rock 
surfaces. Certain kinds of mollnsca on the sea coast 
(Pholadrs ) have the peculiar habit of burrowing several 
inches deej) into limestonei? or dolomite rocks, and even 
into clays as well as much harder rocks; (as, for instance, 
mica-schist), so as by degrees to perforate the whole 
surface. Ancient lines of coast are sometimes to be re* 
cognised by means of their appearance, 

Hounded Stones, Gravel, ShmghyPebhles, or Boulders — 
These stones have usually been wholly or partiallj 
rounded by the action of water. There are, however, 
such as have been rounded by the motion of glaciers, and 
some even appear to have been rounded in clefts of 
rocks, the sides of which have been much agitated. 

There are also some special points respecting them 
which deserve attention. In the first place most pebbles 
are not spherical, but flattened and lenticular or elon* 

Sated, eggHshaped, &c. This very universal law is evi- 
ently the result of an unequal degree of resistance to 
waste presented by the stone in the direction of one or 
more normal axes. In the case of rocks of slaty texture 
or the like, this 2)hciiomenon may be readily conceived; 
but in the case of compact or granular rocks without a 
trace of fissile or laminatpd texture, it is more renuirkable, 
and points to some parallelism of texture or structure 
which has hitherto escaped observation* 

The boulders or pebbles formed by glaciers sometimes 
exhibit grooves or scratches on their surface. 

At the foot of the Alps in the neighbourhood of Vienna, 
many pebbles and boulders have oeen formed showing 
deep grooves and forcible impressions, and some which 
are partially broken and pieced together again. 

In sonic conglomerates (as in the Nagelflue of St. Gall) 
pebbles are ibuud partly forced into each other (these are 
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usually of limestone), and in other conglomerates, for in- 
tance at Waidcul)ur<r in Silesia, there are pebbles wiiick 
have been cleft asuiuler, tbeir several parts somewhat dis- 
placed, and so cemented together again. But perhaps the 
most remarkable of these phenomena are the dolomitic 
limestone pebbles in a conglomerate at St Lauretta in 
the Leitha mountains^ many of which are hollow. 

Much has been written on these peculiar forms and 
phenomena, as appearing in pebbles* We have referred 
to the greater part of such treatises in a former work 
(vide Geolog. Fragen, 1858, pp. 198 — 212), and will only 
here add a reference to boiue later treatises, viz, : 

Wiirttenherger in von L. & Br. Jakrb. 1859| p. 163. 

Ueicke, ibid. 1860, p. 219. 
Giirlt, ibid. 1861, p. 225. 
Beryyeidy 1860, p. 382. 

iSor&y, On the Direct Gozielation of Mecbaiucal ajid Chemical 
Fcaroes. 

JOINTED STRUCTUBE. 

All large masses of rock are internally cleft by fis- 
sures or joints^ and thereby divided into solids of different 
size and form. The general cause of thm jointed structure 
of the mass is evidently contraction which> in the case of 
the igneous rocks, in all probability took place during 
cooling ; in the case of the sedimentary during the process 
of their drying; and in the case of the metamorphie, which 
they inherited from the sedimentary, or wliicli was re- 
newed during the process of metamorphism. 

In most rocks the jointing is irregular, dividing the 
rock into irregular masses; fre(|uently, however, a cer- 
tain degree of regularity is exhibited — ^Le. the dividing 
fissures observe one or more prevailing directionsj and are 
at definite distances from each other^ so as to form a 
severance into tolerably regular plates, columns, paral- 
lelopipeds, or spherical masses. 

This so-called jointed structure deserves to be here 
described with some particularity, although it has no 
connection with the mineralogical composition of the rock, 
and solely results from the circumstances attending its 
original formation, and especially its solidification. 

Tabular Jointing* — The rock's mass is split into parallel 
plates or tables, and these, unlike flagstones or strata^ 
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liavo not boon suroessively depositcil one over the other, 
but >vei e all formed simultaneously and subsequently to 
the first ibnnation of the rock. This constitutes, indeed, 
the characteristic distinction betij^een stratification and 
jointing — ^the former being the result of successive super- 
position, the latter of the splitting of a previously formed 
mass. Tabular jointing occure most frequently in the 
igneous rocks, less frequently also in the sedimentary 
and metainorphic. 

A rnodllii atlon of the tabular structure somotimes 
occurs, coiisistiuL^ in a curvature of the individual plates, 
which are frequently very thin. This is called in German 
Schalige absonderiing , '<M)nchoidal jointing.' 

Columnar, Subcolumnar^ Priismatic Jointing. — The 
rock's mass is split into columns of from 3 to 9 faces, 
usuaUy 5 or 6 faces, and the thickness of the pillars in 
each place is tolerably uniform, but in different places 
varies from a few inches to several feet. The length of 
the columns i» oi course unequal. Some are known more 
than 200 feet long. These columns are, however, usually 
cross-jointed — Le. split into shorter blocks by means of 
cross courses or horizontal fissures at right angles with 
the first set of joints. This jointing is regular or irre- 
^ar, it sometimes exhibits rounded surfaces, indicating 
m that case that the pillars were formed by the joining 
together of spherical masses (as may be clearly seen, 
indeed, in some places). 

Columnar jointing may be observed with peculiar fre- 
quency and beauty in basalt, but it also occurs in diabase, 
diorite, aphanite, and quartz-porphyry ; less frequently in 
trachyte, granite, or syenite. In all these rocks this 
jointing is evidently the result of a special process of 
cooling; moreover, the axes of the columns are for the 
most part at right angles with the plane of the larger 
cooling surface. In lava streams, for instance, perpen- 
dicular to their surface ; in veins or dykes of basalt, per- 
pendicular to the walls of the cleft. If the larger cooling 
surface has been curviiorm, the colunms at right angles 
to it will he found bent or radiating. 

l>ut sedimentary rocks sometimes exhibit the pheno- 
menon of cobmnar jointing. In them it is probably owing 
to having dried more rapidly from one side of the mass. 
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and in rare cases, locally, to the eftcct of heat from con- 
tact with igneous rockf?. 

Parallelopipedic, Cuboidalj or Rhomhoidal Jointing* — 
The rocks are severed by joints which traverse them in 
planes of three different dLrectiona, which^ if they cross 
each odier at right angleSi produce cubes or rectangular 
parallelopipeds ; if at inclined angles, rhomboidal solids. 
In sedimentary rocks the direction of one of these planes 
is frequently (letermined by the beddinf?-, but iu igneous 
rocks all three sets of joints are independent of such 
influence. 

Spherical, Globular^ or Spheroidal Jointing > — Some 
rocks are entirely composed of spherical masses, the in- 
terstices or spaces originally existing between them being 
now filled with a mass of similar substance and compo- 
sition, but so that the jointing is still apparent These 
spherical masses are often formed of concentric layers, 
and sometimes ranged over each other in columns. In 
the latter case the globular and columnar jointing may be 
said to be combined. 

A modification of the spherical structure is what is 
called ball and socket jointing, in which single masses 
with rounded heads more or less approach the globular 
shape, and seem to fit into a cavity on the other side of the 
fissure. 

This passes over into irregular or maisive Jointing, 
which occurs more or less distinctly in rocks of me most 

different description. 

All jointing becomes much more distinctly apparent 
when the rock is weathered, and it sometimes even ap- 
pears as if the structure were solely caused by decay of 
the rock* Nevertheless, it is very probable that even 
in these cases a disposition to the severance previously 
existed. 

STRATIFICATION OF BOCKS. 

We have already spoken of tlic lamination of shaly 
rocks as consisting of a structure dividing those rocks in 
planes parallel to their be(](lin<y, and originating in the 
mode in which they were formed — i, e« by successive 
layers of deposit. 
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The same pTienomenon on a larger scale is called strati-- 
Jication, and the individual members i)i the series are 
ternied strata. Page observes in liis Adv, Text Book, 
* Thus ' (speaking of stratihed rocks), * the terms stratum 
and hed are used when the deposit is of considerable 
thickness; layer or band when it is thin, and holds a 
subordinate place among the other beds ; and seam when 
a rock of a peculiar character occurs at intervals among 
a series of strata. The miner, for example, speaks of a 
seam of coal occurring among strata of clay and sand* 
stone, and of a band of iruuritone occurring in a bed of 
shale.' 

The horizontal line on the surface of strata is termed 
the strike, and their steepest inclination towards the hori* 
2ontal plane is termed the dip. 

Stratification is exhibited more especially and distinctly 
in the sedimentary rocks, but it is also frequently to be 
recognised in the metamorphic, and even the igneous rocks 
may exceptionally be actually stratified, if, for instance, 
successive streams of lava nave ov^owed each other, 
each consolidatiug separately. 

SHAPE AND BEDDING • OF ROOK MASSES. 

Both the shape and the mode of bedding rock masses 
are dependent on the mode of their original formation. 
Igneous rocks neither exhibit any certain shapes nor 

any uniform bedding in relation to other rocks, whereas 
in the case of sedimentary rooks and their offspring, the 
metaiiiorj liic, ])uth shape and bedding have some relation 
to certain general laws. 

The form assumed by igneous rocks depends to some 
extent on the shape and size of the opening by which 
they forced their passage from the interior of the earth* 
They accordingly fill clefts more or less regular in form, 

« 

* The -word '"nEDDn^G' is used indifferently througrliout this work 
in speaking of all rocks, whether stratiiied or not. It is taken as the 
equivalent of the G»'rnian ' Lmjenmg^ We are aware that in England 
this has not heen always usual ; nevertheless, some general word must 
he adopted. ' Mode of occurrence,' * position,' * lie,' &c., are all ex- 
wewions wMeh fall short of tlie id€« intended to be conveyed*—- 

TaAVBLAIOB. 
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or they occupy larger irrenfular spaces between other 
rocks, or they have overflowed through craters, and create 
accumulations after tiie maniier of lava iu streams, in 
plains, or conical heaps. 

Where the igneous rock forms a clear and evident 
filling of a previously existing cleft or fissure^ it is termed 
a dyke or veiiu The latter term is, however, more usually 
ooimned by many to such as are metalliferous. The irre* 
gular disrupting masses are called in German Stocke [ste^ 
hende or liegende Stocke), for which terms there are no 
pr((!ise equivalents in English nomenclature of very 
general acce[itrition. Where igneous rucks are accu- 
mulated in great extent, and they appear to have filled 
greater gaps in the earth's crust, they are spoken of as 
ranffes, districts, or tracts. These are sometimes of ap- 
proximately circular or elliptical shape in their horizontol 
extension, as ma^ be observed on geological maps. From 
such ranges, i^ain, there frequently mn smaller branches 
in different dircLtions {ramifications). 

Where igneous rocks in a state of fusion have broken 
through other rocks and spread themselves over the latter, 
they are said to be omrlyincj. They are either extended 
longitudinally in one direction in the manner of streams 
of lava, or they cover broad surfaces, and form extensive 
fields. In both cases they may afterwards be themselves 
covered by later rock formations. 

The form which the igneous rocks assume above the 
surface of the ground corresponds little with that of their 
mass beneath, the geographical outline alo]ie is detennined 
by the latter — not the elevation. ry recent igneous 
rocks, by reason of their volcanic origin, may be of coni- 
cal shape, as is the case with many basalts, phonolites, or 
trachytes ; but all the older igneous rocks owe their pre- 
sent shape to the transforming influence of long continued 
weathering and flooding, so that their present appearance 
depends much more on their individual power of re- 
sistance to those influences than upon tiie shape in which 
they first made their appearance on the surface of the 
globe. 

The sliape of the sedimentary and metamorphic rocks 
is always flat, or nearly so. Their material was orioinally 
deposited on suriiaces more or less even, and if inei^ualities 
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existed they were filled up, so that at least the upj^cr 
strata of such deposits are always very regularly flat 
shaped, or very broadly lenticular. The general shape 
and extent of these rocks corresponds therefore, more or 
less, with that of every individual stratum of the same. 
The conformation of the actual surface in many cases has, 
however, been much changed by external forces, such as 
weathering, the action of fioo<l ^vate^s, &c.; and, again, the 
lowest beds of the senes mny exhibit very great inequal- 
ities : even former rents or hssures in nnderlvln<:; rocks 
may have been filled up by the material of the deposit, so 
that these fillings of clefts may subsequently assume the 
shape and character of veins or dykes, in the underlying 
rock. Such last mentioned cases, however, are rare. 

Bents in the earth's crust have come to be filled in very 
various ways, e. g. by the injection of matter in a state of 
igneous fusion, by mechanical deposit from above, or by 
chemical precipitate from solutions. Such fillings are 
called dykes, veins, or lodes. The term lode is exclusively 
applied to a metalliferous vein ; so also by some geoloLnsts 
is the term veui, but this is not the imiversal practice. 
The term d^ke is exclusively applied to such as consist of 
the same material throughout. 

Although the sedimentary rocks, as a rule, form exten* 
sive fiat-lying systems of stratification, yet there occa-* 
sionally occur irregular accumulations distinguished from 
the ordinary flat strata by proportionately greater thick- 
ness and less horizontal extent, as well as by irregularity 
of shape. They may have sometimes arisen by filling of 
caverns. 

The bedding oi rocks may hv divided into the regular 
and irregular. The latter is characteristic of the igneous 
rocks, the former of the sedimentary and metamorphic. 

Irregular bedding is in general the consequence of a 
violent disruption of the pre-consolidated earth's crust. 
The igneous rocks have forced themselves a path through 
the existing rocks and filled up the cracks made in me 
latter by the eruption. These are sometimes, but not 
always, regularly formed fissures, such as when filled can 
be called dykes. These violent disruptions are termed 
intrusions, and when thev are of unmistakable character 
we may conclude with certainty that the intruding rock is 
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of more recent formation than the one broken through, 
but not how much more recent. 

Recfular Bedding, which, as we have said, chiefly ])re- 
vails in the sedimentary and metainorphic rocks, corre- 
sponds ^nth their intemal stratification. 

The following are some of the phases of bedding : — 

1. Parallel alternating bedding^ or uniform bedding , when 

two or more rocks alternate with each other in 
parallel strata, forming a whole system of strata 
whose general shape is flat or gently swelling. 

2. ' Divergent bedding* — ^When any set of beds incline in 

different directions, they sometimes incline towards 
each other {^synclinal), and sometimes they fall 
away from each other (anticlinal), 

3. Overlapping (Ubergreifend), when one set of strata 

overlaps the edges of another set of strata, 

4. A hollow basin-like form (Muidentormig). 

5. Cloak-like bedding (Mantelfi>rmig), where the strata 

or beds surround and nearly envelop a central 
point from which they dip on aU sides (quaquar 
Tcrsal dip). 

6. Subordinate intermediate bedding^vrhen beds of subor* 

din ate size lie in the midst of a larger series of 
strata* 

The originally regular bedding of the sedimentary and 
metamorphic rocks has very often been more or less dis- 
turbed by subsequent processes, such as the intrusion of 
igneous rocks, subsidence, &c», and even some of the 
wove-named cases are sometimes only the consequence of 
some such disturbances. The natural or original position 
of the sedimentary or ihe metamorphic rodks and their 
strata is necessarily the horizontal, or nearly so. If we 
find any very great variations from the horizontal, these 
are, as a rule, to be considered as the consequence of dis- 
tur])iince, although the original cause of such disturbance 
mav not alwavs be recoo-nised with certainty. 

The following are some of the different kinds of dis- 
turbance of bedding: — 
1. Uplifting, by which whole strata or systems of strata 
frequently appear to have been very strongly in- 
clined fr<Hn the horizontal durection. 
2* Contortion, foldings, bending 
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3. Diaruptimif breaks (Zerknickung), where the strata 

appear to have been uplifted in tlic centre and 
broken, the two parts dipping from the place of 
rupture. 

4. Displacement or faults ( Verwerfunf]^) where one por- 

tion of the bed has been uplifted or depressed and 
bodily separated from the remaining portion. 

5. iSu^v^^/oit (Uebersturzttxig), where the bed has been 

entirely oyertumed, and its position reversed* 
From the bedding of rocks we may often, but not 
alwavs, determine their relative age. The principles to 
guide us in tliis are somewhat as follows: — 

1. Overlying r<x:ks as a rule are more recent than those 

which they cover. 

The only exceptions to this rule are created by 
subversions, or by obliquely upheaved or intruded 
igneous masses. Such exceptions, however, are 
usually easily to be recognised by surrounding 
circumstances* 

2. Intruding rocks are always more recent than those 

which they have penetrated. 

The exceptions to this rule can be only apparent; 
as for instance, if a etec]! projecting rock has been 
surrounded by and come to be imbedded in a later 
deposit and so afterwards possibly been mistaken 
for an intruder. 

3* Bocks which during their formation have created 
manifest disturbance of the bedding of other rocks 
are necessarily in every case younger than those. 

From this rule also only apparent exceptions 
can arise, as when the bedding of a rock may have 
been disturbed by the decay of the underlying 
stratum, e. g. the dissolution of rock-salt. 

4. The level of a rock alone will not enable us to pro- 
nounce on its age, for the oldest sedimentary rocks 
may by upheaval have been shoved up into the 
highest level; and as regards the igneous rocks, 
according to their very nature tiie oldest and the 
youngest may be met with in any leveL 
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CHAPTEE IV. 

GEOLOGICAL FORMATIONS AND GROUPS OF ROCKS. 

AccoRDiXG to the present state of our geological know- 
ledge, we regard a certain class of rocks as the original 
products of the consolidation of jiart^ of the fused mass of 
which our planet Ibrmerly consisted, and which we still 
believe to be the substance of the interior of the globe* 
These original products we term igne&us rocks. All other 
rooks are only secondary products arising from their 
transmutation, their decomposition, decay or disintegra- 
tion, and reconstruction. 

The igneous rocks are subdivided into two principal 
groups, the Volcanic and the Plutonic, The volcanic are 
those which, having been ejected from the interior in a 
fluid or viscous state, cooled and consolidated at or near 
the surface of the earth. The plutonic are those rocks 
which have not reached the surface of the earth in a fluid 
or viscous state, but solidified at considerable depth, 
probably therefore under influences of great heat and 
pressure. 

The rocks whicli we have termed secondary products 

are likewise divisible into two great classes, the Sedi^ 
inentury and Mctamorphic, The sedimentary rocks being 
formed from the debris of the igneous rocks, and the 
metam()r|)hic being the older sedimentary rocks, which, in 
process of time, and from various causes, have assumed an 
altered character, have undergone * metamorphosis.' Let 
us take a brief review of these principal rock forma* 
tions : — 

1* Volcanic Formations. — The active volcanoes of the 
present day furnish us with the best instances of 

these formations, and the surest data for consider- 
ing the phenomena of their origin. First we find 
consolidated lavas of various outward form and 
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internal structure ; thej assume the shape of narrow 
streams down the mountain side, they overflow the 
phuns in broad sheets, or filling up previously 
existing cracks and fissures they form veins or 
dykes in other rocks, or they form conical mounds 
on the mountain top. The column of lava which 
solidifies in the abyss of the crater must I'requently 
assume the shape of a vertical cylinder, which, 
however, remains inaccessible to observation, unless 
and until a considerable portion of the whole moun^- 
tain has decayed and been washed away. 

The lavas consist either of basaltic or trachytic 
rock ; their inferior mass is either compact, por- 
phyritic, or crystalline-granular, their exterior 
frequently vesicular or scoriaceous. 

Thus there are many different rocks or varieties 
entitled to be called lava, and all belonginc^ to one 
and the same formation. Besides the lavas j^roper 
we find at volcanoes various kinds of loose ejected 
masses, some more and others less decomposed, 
consisting of large concretions of slag, smaller 
fragments of lava (lapiUi), volcanic sand, and dust- 
like particles, so-called 'volcanic ash.' These 
ejectamenta either remain lying loose on the sur- 
face of the ground, or they form conical piles *of 
slafT, or they are washed together by water and are 
re deposited as volcanic tufa, which thus may be of 
very various character. 
2. The older Volcanic Formatioiis differ from the most 
recent by the entire or almost entire absence of 
loose ejectamenta, scoria, evident streams of lava, 
and distinct craters. No doubt all these were once 
in existence, but in course of time they have de- 
cayed and been washed away. We now only find 
bare conical hills of basalt, dolerite, trachyte, or 
phonolite (the kernels which have remained of 
fonner volcanoes after the decay of the masses t»\ hich 
surrounded and covered them), accompanied by 
veins branching out of those nucleous masses, and 
by tufa formations or other decomposed forms of 
volcanic product. So much of the outer vesicular 
or scorified coating of the original volcanic rocks 
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as has not been entirely destroyed and washed 

away has in the course of time been turned to 
amygdaloid. These older volcanic fonuationij, like 
the more recent, are partly basaltic and partly 
trachytic, and they form transition states between 
the volcanic and piutouic formations. 
3. Upper Plutonic Formations. — These may be divided 
into such as are of prevailing basic and acidic com- 
position^ characterised respectively by the green- 
stones and quartz-porphynes. The Voigtland in 
Germany presents us with a good example of 
the basic greenstones, and the north-western dis- 
trict of the Thuringian 1^'orest of the acidic quartz- 
por})li\ lies. 

In the Voigtland, associated with transition rocks, 
we find various kinds of greenstone, such as diabase 
and aphanite, granular, compact, [)orphyritic, iissile, 
and amygdaloidal, some decayed into wack^, some 
in the form of tufa, or conglomerate. These green- 
stones, it would appear, constitute the subterranean 
portion of a volcanic formation of the Devonian 
age. We must assume that the upper and perhaps 
more basaltic portion of this formation has decayed 
away; lo* ejectamenta and genuine volcanic 
shapes are tu ) longer observable ; the conical hills 
of oTcenstone are doubtless the result of the supe- 
rior power of resistance of that rock,just as quartz 
rocks frequently protrude above masses of a softer 
rock which formerly enclosed them. It is, never- 
theless, remarkable that the tufa and conglomerates 
which hnvd been preserved imbedded in the tran- 
sition strata appear to have been originally green- 
stone and not basalt, whence we might conclude 
that even the original volcanic portion of these 
eruptive formations which reached the surface 

rather resembled greenstone than basalt. 
~ 

In the Thuringian Forest quartz-porphyries 
predominate ; the^ are of various kinds, and are 
associated with micarporphyiites and greenstones, 
claystone tufas and conglomerates. The conglo- 
merates contain fragments of rocks belonging 
unmistakably to the Bothliegende or Dyassic age, 
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80 that we must conchide that the eruptions which 
uplieaved these Thurinirian j»<m phyriea took place 
(Inrinor that period or sul)sr(|iient to it. Every 
trace of genuine volcanic formation has long since 
decayed and been swept away ; the plutonic part 
alone has remained, except, indeed, some tufas 
which have been preserved by superincumbent 
strata. It need hardly be said that the process of 
laying bare rocks which lay so deep must have 
occupied long spiices of time, and therefore plutonic 
rocks must be very old before they are exposed 
and rendered accessible to our observation, 
4. Lower Plutonic Formations, — The most characteristic 
and strongly marked representatives of these for- 
mations are the granites (and syenites). These 
have consolidated in the earth at great depth. 
They are for the most part yery distinctly crystal- 
line, though their texture is very various* 

They are never vesicular, nor do they occur in 
the form of tufas, for the latter could not possibly be 
formed in the interior of the earth. On the other 
hand, they are sometimes ace()mi)anied by friction 
breccias. They branch out into veins traversing 
other rocks as well as the older massrs of the same 
formation. These branches have frequently cooled 
more rapidly than the general mass and formed 
themselves into porphyry. This result has been 
especially observed where the veins are narrow ; 
but the width of the reins has not been the only 
determining cause of more rapid cooling ; the depth, 
the temperature of the neighbouring rock, its state 
of moisture or dryness, must all have operated in 
hastening or retarding the consolidation of the in- 
truding mass. 

Tracts of granite frequently form the back-l^one 
or nucleus of mountain ranges. They occur in 
larger masses and of more connected range than the 
upper plutonic formations. It would appear to be the 
case, as^e might ^ priori have supposed, that upon 
the occasion of every eruption of igneous fluid 
from the earth's interior the opening made is wider 
below than at the surface. The eruptive mass 
when cooled acquires different characters according 
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to tlie })ressurc to which it has been subjected 
during the cooHni^ process; in other words, ac- 
cording to the (l('[>th at which it con.solidiited. The 
game eruptive mass may be volcanic at the surtace, 
and plutonic below the surface of the earth* The 
pliitoxiic rocksy in all probability, represent the 
upper portion of a conioBd mass, widening towards 
its base. Thus we may explain the fact that the 
lower plutonic rocks, when laid bare, occupy a 
wider area than the upper. It also follows that as 
a longer time would be requisite for their exposure, 
the lower plutonic rocks which are exposed to our 
obser\^atioii are universally the oldest if^neous for- 
mations for the time being ; and thus the granites^ 
being those of the plutonic rocks which have con- 
solidated at the greatest depths^ are for the most 
part the oldest of the igneons rocks of the present 
geological period. This does not however exclude 
the possibility of newer granite formations being 
accidentally exposed in some cases, for instaiice, by 
very violent local upheavings, or very rapid waste 
of si]]»erincunibent rocks, favoured by numerous 
fissures. This, in the Alps, has actually taken 
place. So much of the granite formations as 
reached the surface at the time of the eruption 
may perhaps have been of trachytic character^ and 
it may be that the same masses which form the 
trachyte-lavas of the present time are simulta- 
neously forming granite rocks at great depths below 
the surface. The fact of the chemical composition 
of the two rocks being tlie same is at all events in 
harmony with such an hypothesis. 
These examples may suffice for the igneous rocks. We 
next proceed to notice the chief sedimentary formations, 
(The metamorphic rocks being the products of the sedi- 
mentary, are consequently later in date of their formation 
than those.) 

5. Argillaeemis Formations, — These are deposits of clayey 

mud alternated with marl, lime, or .sand, some- 
times containing a large prtjportion of hydrated 
oxide of iron. Tho<o de[)()sits were, in process of 
time^ covered by mure recent strata, and produced 
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clajHslate, argillaceous ehnle, interstmtified witli 
calcareous shale, compact limestone, sandstone, 

and ironstone. Such formaLions have taken place 
in all ijeoloorioal ])enods. 
6. Marl Formations. — Tlu ^^e dcjiosits consisted chiefly 
of marly silt alternating with clay, calcareous mud, 
sand^ and sometimes gypsum or faydrated oxide of 
iron. Under the pressure of superimposed strata, 
these deposits became converted into marl-shale 
and compact marl, interlaid with strata of argil- 
laceous shale, limestone, gypsum, and ironstone. 
A very characteristic marl formation of this nature 
is met with in the Gen nan kcu])cr. 
Linicsfoiie Formadniis. — These a re the result of the de- 
pn^it of calcareous silt, invisibly small shells, larger 
slieils, coral reefs (partly dolomitic) or calcareous 
tufa> alternating with calcareous, argillaceous, or 
sometimes siliceous strata. From these under the 
pressure of superjacent formations, there have re- 
sulted beds of limestone and dolomite of many dif- 
ferent varieties, earthy and compact, in alternate 
strata with subordinate beds of marl-shale, clav- 
slate, argillaceous- shale, ironstone, or Hint. In 
every geological period these deposits have taken 
place ; we find them very characteristically de- 
veloped in Germany in the Jurassic, Muschelkalk, 
and Zechstein formations. 

8. Sandstone Formations. — These are deposits of quartz 

sand (more or less fine-grained) with some clay 
marl or protoxide of iron. Pebbles also have been 
deposited with the sand either locally interspersed 
or in alternate beds. The deposited sand when 
subjected to prcpsiire then became sandstone, and 
the other iniiredients formed themselves into in- 
termediate strata of slate-clay, marl-shale, conglo- 
merate, and the like. These formations have taken 
place in all geological periods. Very characteristic 
mstances are furnished by the Quader-sandstone 
and variegated sandstone (Buntsandstein) of Ger- 
many. 

9. Conglomerate Formations, — The original deposits were 

chiefly pebbles, sand, and clay. From these materials 
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by pressure, solid conglomerates were formed, con- 
sisting of pebbles cemented together hy the sand 
or clay, and interstratilied with beds of sand or 
clay. These deposits have taken ])hiee in all 
periods^ but have never attained any great extent 
at one time or place. Hence the conglomerates 
play a very subordinate part in the sedimentary 
formations. In Germany, there is properly speak- 
ing but one very characteristic conglomerate for- 
mation, which is that of the Rothliegende. The 
^ agelfiue of the Mohissc formation is quite subor- 
dinate to the sandstone, which is the predominant 
rock of that formation. 

10. Coal Formations, — The greater part of these forma- 

tions originally consisted of peat, or vegetable 
materials washed together ; usually sand and clay 
were Ukewise contained in the deposit, and some- 
times hydrated oxide of iron or protocarbonate of 
iron. These deposits, in the course of time, with 
pressure, were formed into strata of alternate sand- 
stone (usually grey) and slate-clay or shale : and 
l)etween these strata, beds of brown or blark coal 
or anthracite and clay-ironstone were formed, sub- 
ordinate, however, in extent and thickness to the 
sandstone, slate, and shale. Coarse congloinerates, 
marl, or limestones very rarely occur in these for- 
inations. . . 

The Carboniferousperiod and the Tertiary period 
furnish the most characteristic examples of these 
formations ; but the carl)uuaceous deposits of other 
periods arc associated with similar rocks, and are 
so like the genuine coal formations that, ])elro- 
gra})hicaliy, they are hardly to be distinguished 
from them. 

11. Rock'Salt Formations* — Rock-salt is always accom* 

panied by gypsum and anhydrite, and it likewise 
usually occurs in combination with argillaceous 
deposits. The rocks of this group are usually 

imbedded in limestone or dolomite, as in the 
Muschelkalk of Germany, or in sandstone as in 
Galieia and Transylvania. In all pei iuds these 
local deposits appear to have taken place, but 
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the special conditions and causes of their origin 
are not yet known with certainty. 

If we turn to the rocks which we consi<ler 1o he of 
metHiiM trpliic ongin, the crystalline scliists, we hinl alter- 
natin<^ beds analofjous to those of the Bedimentary rocks, 
but in an altered state. We, kowever, seldom or never 
find rock-salt or gypsnm, a circumstance which maj be 
explained by the great solubility of those rocks. 

The crystalline schist formations may be best described 
by naming the principal rocks of each. Thus we have : — 

12* Argillaceous Mica-schist Formations, with subordinate 
beds of quarizHSchist^ lydlan stone^ almnnschist^ 
granular Umestone ai|d dolomite^ sometimes also 
hornblende-schist} ironstone, and graphite* 

13. Miea'schist Farmatims, with similar subordinate for- 

mations to those in the argillaceous mica-schist. 
In these we include some kinds of gneiss. 

14. Gneiss Fonndtitms, consisting of gneiss of yarioiis 

kinds 171 pai'allel and alternating strata, and con- 
taining similar subordinate formations to the mica- 
schists. 

15. Chlorite-schist Forma flans , also Containing similar 

subordinate beds of other rocks. 

These formations seem to be the result of a 
special process of transmutation occasioned hj the 
presence of magnesia. 

The fact that in the crystalline schists coal, gypsum and 
anhydrite are much more rarely met with than in the sedi- 
mentary formations, and rock-salt almost nerer, may, as 
we have already said, be accounted for by the perishable 
nature of those rocks. It seems remarkable that con- 
glomerates are also very rarely met with. We should 
not, ho^vever, forget that these only play a subordinate 
part in the sedimentary formations, where they are 
usually only of local occurrence. They are, moreover, 
found in some crystalline schists, as, for instance, in 
Valorsino and in the Upper Khine Valley, in the west 
Alpine district, where they occur in the gneiss and mica- 
' schist formations, and pass oyer hj transition into those 
rocks, their cementing medium haymg become crystalline) 
and the pebbles blended with the general mass. 
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The following is a list of the great geological periods 
of deposit: — 

Post-Tertiaby Epoch : — 

Becent period (human). 

Pleistocene period. 

Tertiabt Epoch: — 
Pleiocene period. 
IMeiocene period. 
Eocene period. 

Secondary or Mesozoic Epoch: — 
Cretaceous period* • 
Oolitic period. — W>T»^^>-^ 
Triassic period. ' 

Pbimart or Paleozoic Epoch : — 

Permian period. (Dyas.)^ 
Carboniferous period. - 
Devonian period. - 
Silurian period (upper and lower). - 
Cambrian period. • 
Prae-cambriaa periods. 
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CHAPTER V. 

TBAN8ITIONS AND TRANSMUTATIONS. 

We have hitherto treated generally of the composition 
of rocks, their texture, and other outward characteristics, 

and their formation or origin. It is comparatively easy 
to descrilje these phenomena in fjcneral terms, but their 
application to particular rock?? in describing and classify- 
ing them is a task of great difficulty. One of the prin- 
cipal difficulties of classification is occasioned by the great 
number of rocks of character varying more or less from 
the established types. These varieties, in many cases, 
form series with every shade of divergence from the 
normal rock until the last member of the series presents 
a totally different species, coinciding may be with some 
other normal type. A series of intermediate rocks thus 
connecting two established types is termed a scries of 
transition ; and thus, in the abstract, one type is said to 
pass into the other; not, however, that any real transition 
takes })lace of the actual rock, but merely, as we have 
said, that two groups are connected together by a chain of 
rocks partaking partly of the attributes of each. 

Transitions of this kind are met with in nature in 
almost all kinds of rock, in respect alike of their compost" 
tion, their texture^ and their origin, A few instances will 
suffice for explanation. 
1. Transitions in respect of composition are said to take 
place when in a rock of given character a strange 
mineral iiitiredient occurs not usnnl in rocks of 
that class, or when an essential inuredient of its 
composition diminishes or altogether disappears. 

For instance, in the case of limestone and dolo- 
mito, a rock consisting essentially and prineipally 
of calc-spar (carbonate of lime) is a limestone, even 
though it contain some bitter spar or carbonate of 
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magnesia ; but if enouf^h of the latter enters into 
its composition, ilien tlie rook will l)c a dolomite ; 
and an endless variety of rocks are found with very 
different proporti(»ns of tlKi-^c two insxrodients, so 
that it is impossible in many cases confidently to 
describe them either as limestone or dolomite. 
These are transition states between those two typi- 
cal rocks. Again, in the case of gneiss and mica- 
schist, we find first some, and then more felspar 
entering into the composition of a micarschist, nntil 
at last we obtain a jrneiss ; or we find less and less 
felspar in a gneiss, until at last it is reduced to a 
mica-schist. These and the like transitions may 
actually be observed in nature side by side, so that 
in the same mass wo may sometimes find at one 
end a limestone, at the other a dolomite ; at one 
extremity a gneiss, at the other a mica-schist, ^c. ; 
but the term transition is employed in this and . 
other treatises in a wider sense to characterise any 
rocks of intennediate composition, wherever occur- 
ring, by means of which a rektionship or connection 
may be traced between any two species of rock. 

2. The same kind of transition takes place between rocks 

in respect of their outiourd r/iarartcrisfics. The 
texture of rocks of every kind varies indefinitely 
from one type to another, without any sharp dis- 
tinction between the types; thus granite passes 
over into gneiss in numberless instances where it 
is more or less foliated in texture ; or granite-por- 
phyry passes into })orphyritic granite by means of 
those rocks whose matrix partakes more of the 
granular than the compact texture ; or basalt into 
dolcrite, by those varieties in which the individual 
minerals are somewhat more separately developed 
(granular) so as to be partially recognisable. 

3. Transitions occur between rocks in res])eet of their 

origin or mode of formation. Certain rocks are 
only the result of a transmutation of others, and 
the different stages of such transmutation have 
been distinguished by separate names. Thus 
argillaceous shale passes over into clay-slate and 
argillaceous micarschist ; peat into browncoal ; 
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jnon coal into 



anthracite ; and anthracite into graphite. Oabbro 

or granite passes over into serpentine. 

These last-mentioned transitions or transmu- 
tations are sucli in the strictest sense of the word. 



substance in the course of time ; whereas the term 
transitiony as applied to the two former classes is 
only a conventional term for a progressive series 
of rocks, all of which were from the first different 
from each other, and remain so. 
It need hardly be said that these several transitions 
and transmutations multiply not a little the difficulties of 
nomenclature and classification, and frequently render 
the desired precision and accuracy impossible. We are 
always driven back to this — that every name applied to a 
rock can only be considered as establishing an especially 
characteristic form of its development as a kind of centre 
point, which, however, in nature is surronnded by nu- 
merous varieties and derivative forms of more or less 
doubtful character. 
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INTRODUCTORY CHAPTER. 

CLASSIFICATION. 

A SCIENTIFIC classification of rocks is a task of more 

difficulty than might at first sight appear ; as yet, no one 
has succeeded in producing a perfectly consistent and 
comprehensive system. Not only do the nature of the 
subject and our own imperfect knowledge present many 
serious obstacles to consistent arrangement ; but in many 
cases established usage and nomenclature, too firmly rooted 
to be lightly disturbed^ prevent our changing an old classi- 
fication even when based on error. 

Even were our knowledge far more certain than it is, 
and were we free to overthrow all previous errors and 
misconceptions, we could not lay down a logically com- 
plete system of classification to embrace all rocks, on any 
princif)le, whether of origin, texture, or composition 
(chemical or mineralogical). AV e do not find the niinera- 
logical differences between rocks coincide with those of their 
chemical composition, nor are either of those dependent 
on geological position or stratification. There are no 
rigidly defined classes in nature. 

The student must not, therefore, expect too much firom 
any system ; but, as we are driven to choose some basis for 
arrangement of our subject, we consider, on the whole, 
that the best scheme for our jmrpose ^^nll be one in its 
general features coinciding, as far as possible, ^y\t\l what 
we know of the origin of the various rocks, making use, 
however, of the distinctions arising from differences of 
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texture, coinpo;>iUon, or otherwise, for tlie suMlvision of 
our subject, as the nature of each case may seem to render 
advisable. 

A great number of distinctions have been established by 
custom between many rock formations, which in truth do 
not differ from each other very materially. These we shall 
as far as ])ossibIe drop, endeavouring to make uniform 

connected groups, and treating many rocks, which have 
hitherto been known by different names, as varieties only 
of one and the same rock. On tbo same principle, we 
avoid as far as possible the introduc^tion of new names for 
rocks. It is impossible^ and would be unprofitable, to 
dignify every slight modification of texture or structure 
(perhaps only of local occurrence) by a separate name. 
Even in treating the most important and prevalent rocks, 
we should seek to confine our nomenclature to their most 
characteristic forms of development, establishin- these as 
central points of departure, from which manifold transi- 
ti(nis are found leadiui^ towards other central points in 
the next ^Toup of rock«. ( )iie observer may pronounce 
a doubtful rock to be granite, which ^another will call a 
gneiss, without our being able to say that one is right and 
the other wrong. In cases of this kind there constantly 
arises the temptation to give new names, but in the in- 
terest of science this temptation should be resisted as far 
as possible. 

The following are the general heads under which we 
have grouped the rocks in this work. 

L Ignbous Bocks* (Eruptive Kocks), all of which are 
most probably products of igneous fusion. 

* The term ' igneous rocks' is used throuchowt tliis book as the 
equivalent of the German *ERUPXIv-GEaTEiNE. The Germans object 
to the term Mimooiis/ as convpyinpr the idea of fire or buminn: (whieli 
could not tjike place in the abs^ iifo of air), and also because tlie iiiela- 
morphic rocks may have beeu subjected to heat a.s well as those wo 
call igneous. Most of our rocks have, however, been named in an im- 
perfect state of knowledge of their origin, and with reference to 
erroneous ideas; and if we are agreed on the sigrnification of a term, 
we need not always go back to it« derivation. Mr. Jukes objects to 
the German terra ' emptivcj as applied indiscriminately to these rocks. 
He thinks that in speaking of the plutonic rocks, we should use the 
terms, ^irrupfive^ or ^ intrtfm'e/ Sec, n>i they did not, or are not sup- 
posed by US to have reached the surface at the time of their upheaval* 
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A. Rocks poor in silica, or basic roclcs. 

(a) Volcanic. — Of which the basal l b arc tiie principal 

representatives. 
(^) Plutonic. — (Jf these tiie principal representatives are 

the BO-called gb££n&ton£S (diabase^ diorite, &c.). 

B. Rocks rich in silica, or acidic rocks. 

(a) Volcanic, e. g. the TRACHYTES. 

(b) Plutonic^ e. g. the GRANITES. 

IL Metamorphic Crtbtallinb Schists.— Most 

probably the product of the transmutation of sedimentary 
rocks, but in respect of their mineralop^ical composition 
closely allied to the igneouti, e. g. GNEISjj, mica-SCHIST, 
CHLOBITE-fiCHIST, &C. 

III. Sedimentary Rocks. — The products of deposit. 

1. Argillaceous rocAjs?, such as CLAY and augillaclol.^ 

SHALE. 

2. JJint stone rorhs, such as LI:^^KST()M: and DOLOMITE 

(including gypsum and anliydrite). 

3. Siliceous rocks, e.g. SANJ>S10K£& and CONGLOME- 

RATES. 

4. Tufa farmatians. 

The aboYe are the groups of princijjal rocks which 
occur in masses of great extent. 

IV. We shall next range diose rocks of less frequent 
occurrence, or which only form subordinate strata or sepa- 
rate beds, and whose origin is in part still doubtful^ without 
attempting in their case a logical classification. To this 
series belong, for instance, many silicates, the carbona- 
ceous ROCKS, the IRONSTONK8, SKlirKiNTl^'E, ^'C, and 

some other rocks of probleuiaLical character. 

y. Finally we shall instance those rocks which are 
essentiaUy composed of one mineral^ such as quartz, 

OPAL, &c 

The first book on rocks, at that time a most masterly 
treatise, was von Leonhard^s * Charakteristik der Felsar- 

We have, however, kept to the tenn ^et-Kptive* as a general term for 
deadibiiig the action of all igneous rocks ; and any other course would 
have compelled us to put a construction of our own on the origin of 
each rock, although not in the mind of our author, and unnecessary for 
his immediate purpose. — ^TiuifaxAiofi. 
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ten ' (1823). In it is to be fonnd a repiint of Alexander 
Brongniart's * Classification min^ndogique des loches 
m^langees,* which had appeared in the 34th toL of the 

Jum nal dcs INIines. 

The full lAMnir Jvre the most important among the more 
recent workb on tiii^ subject : — 

Naunumn*9 Geognosie, vol. i.^ a seocmd edition of which ap- 
peared in 1858. 

Smfi^B Clasatication der FelsarteOi 1857, in which the rocks 
are arranged with special reference to one or more charac- 
teristic iugrediont?. 

Durocher, Essai de P^troloj2;ie compar^e in tbo Aim. dt'8 Mines, 
18o7 * ii, pp.217 and 076. He separates the igueoua rocks, 
in the same way that Buuseu did before him, into acidic 
and haslc rocks. He suhdivides these again according to the 
degrees of their acidity or basic composition; these sub- 
divisions nesrly correspond with BuDsen*s 'Mittelgesteine.' 

O. Biachof has examined and pronounced upon a laige number 
of rocks from a chemical point of vievr. The arran^remont 
of the separate treatises in his Lrhrltuch der Geologic appears 
to be entirely accidental, and the geological relations oi the 
rocks are hardly regarded.* 

Maminelsherg' 8 Handworterbuch der Mineralogie (with sup- 
plements) contains numerous analyses. 

Bath has recently attempted to co]l<>ct all the known snaljaes 
of rocks and to arrange them according to fixed principles^ 
accompanying them with critical remarks. 

Haying referred the reader to the above-named compre- 
hensive works, we shall abstain from again quoting them 
in detail at the mention of each different rock. In dealing 
with the particular views of their several authors wc shall 
only irive the name of tlie author in question. 

On the other hand, we shall have occasion to cite at the 
proper places the valuable treatises of Abich^ Bantsch, 
Bergemann, Blum, Breithaupt, Bunsen, Delesse, Deville, 
Ehrenbei^> Fischer, Girard, yon Hochstetter, Hochmuth, 
Jentsch, Knop, List, Naumann, Oppermann, vom Kath, 
G. Rose, Freiherr yon Richthofen, Scheerer, Sochting, 
Stache, Streng, von Walterhaubtn, &c, 

* In the second edition (translated into English) there is much 
proyement in this respect* 
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CHAPTER L 

lOjrSOUS BOCKS. 

Whek we consider the position and bedding of these 
rocks, and the disturbances and other changes they have 

ejected in the strata and beds of other rocks, we cannot 
duubt that they have been forced upwards from the interior 
of the earth in a fluid or ^eini-flnid (viscous) state. They 
have penetrated and ovcrfloAved other forniaiions and tlien 
become solid, partly in the clefts and partly on the surl'ace 
of those rocks. The soft state in which they must have 
existed during their upheaval was in all probability the 
result of great heat^ in other words, it was a state of 
igneous fusion ; hence the term Igneous Bocks. By pro-* 
cess of cooling they then passed over into the solid state, 
assuming (under different circumstances) a crystalline- 
granular, a ]>orphyritic, a compact or vitreous texture, 
sometimes vesicular, or sometimes even a fissile texture 
(schistose or slaty). Amygdaloids and wackes (as we 
have already seen) were of later orif^in, i, e. products of 
transmutation from original formations. 

As regards one great division of these rocks, their 
former state of fusion is capable of direct proof, and may 
be observed at the present day ; we see tiiem in process 
of formation from the lava of active volcanoes. These 
are termed Volcanic Rocks. 

In the case of another class of those wliich we term 
Iirneous Rocks, their former state of fusion is not so 
clearly evident; indeed we occasionally find their com- 
position, their bedding, or their relative position with 
other formations in apparent contradiction to their assumed 
origin. It is supposed that these became solid at a con- 
siderable depth, some of them possibly having been poured 
out in a state of fusion like lava, but in the interior of 
the earth without reaching the surface, and consequently 
liiat their consolidation took place under very high pres- 
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Fiiro, aTid more slowly than in the ease of the volcanic 
ro( k>. They are therefore termed I^hitonic rocks, and 
iiiost i^eolofjists are am-eed on the nature of their oriy:in. 
The apparent contradictions to an igneous theory of their 
formation are to he explained by slow cooling, and die 
changes produced by time and high pressure* 

All igneous rocks consist principally of compounds of 
some land of felspar (or leucite and nepheline) ivitli 
pyroxene, hornblende, mica or quartz, generally also with 
some magnetic iron-ore and other subordinate niinuriJs. 

^^ e divide the igneous rocks, whether volcanic or plu- 
tonic, into thobe poor in silica {basic) and thu^e rich in 
silica (acidic). 

The first class, the basic rocks, are distinguished by 
their deficiency of quartz ; by their felspar being gene* 
rally poor in silica, and frequently richer in lime than 
that of the acidic rocks, and being mixed with pyroxene 
or hornblende ; by their texture being frequently vesicular 
or amygdaloidal, very seldom vitreous ; and by their ge- 
nerally prevailing dark colour. 

The acidic rocks on the other hand arc distino-uished 
i)y a felspar richer in silica ; by their frecjiieiitly contain- 
ing a large proportion of quartz ; by their being rarely 
vesicular or amygdaloidal, but frequently vitreous ; and 
in genera? by their lighter colour* 

We might add that the b<xsic rocks are more fre- 
quently compact and porphyritic than distinctly granular ; 
more frequently volcanic than plutonic ; more frequently 
found in small unconnected masses than ranging in great 
tracts or regions ; whereas the acidic rocks on the contrary 
are more frequently distinctly graiuilar and p()r])hyritic 
than compact ; and more frequently extend over vast re- 
gions than occur in masses of very circumscribed extent. 
These data are, however, altogether general in their 
character, and must be taken with many qualificatipna. 

Bunsen was the first to draw attention to the scientific 
value of the difference between the basic and acidic 
rocks, which was previously little known, and had not 
been carefully investigated. He devoted himself to 
analysing rock-niasscs, and from the results of those 
analyses set up two normal types of composition (see 
page 364 post). We cannot, however, say that the corn- 
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position of the individual rocks of each of Bunsen's 
groups does more than approximately correspond with 
those normal values. In fact it would be more accurate 
to describe the individual values as fluctuating between 
t^yn extremes than approaching any one central type- 
With this explanation we present the reader with our 
view of the composition of the two classes of rocks (the 
hisic and acidic) differing somewhat, but not very greatly, 
from those of Bunsen. 

The principal and most important difference between 
the two groups is that of the quantity of hilica, in which 
respect there really seems to be a kind of with most 
rocks. The basic rocks in general also contain somewhat 
more lime and magnesia than the acidic 

Average Compositions of the two classes of Igneous Mocks, 



Basic Rocka Acidic Rocks 

SiUca .... 4o— oo . . . 60— ^iO 

Altumna .... 10—20 • . . 8—16 

^"^j of iron . . 1-16 . . . 1-15 

Lime • « • . 1 — 10 . . . 1 — 5 

^Magnesia . • • 1 — 6 • . . 0 — 4 

Potash . . . . 1—4 . . . 1—6 

Soda .... 1 — 5 , . . 1 — 6 

Water . . . . 0—7 . . . 0—8 



But the lunits which we have above given are some- 
times overstepped on each side, and there are igneous 
rocks which we cannot with mere reference to thehr chemi- 
cal composition reckon in either group, and which in fiict 
entirely fill up and annihilate the assumed gap between 
the two in respect of the content of silica. These rocks 
of middle diameter can only be classed with one group 
or the other by having regard in each case to their geo- 
logical character or their mineralogical affinities. 

If we disregard minor differences, the varieties of 
imieous rocks are not v^ numerous; they may be 
flSmost reduced to two principal mineral combinations, 
the other difference consisting chiefly in texture or the 
presence of" accessory or single minerals. 

The two principal combinations are as follows : — 

(1 ) Fels])ar poor in silica (in its stead sonu iinics nephe- 
line or leucite) combined with pyroxene or hornblende, 
also mica, magnetic iron-ore, and the like. 

K 
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(2) Felspar rich in silica^ combined with quartz^ mica^ 
and occasional]} amphibole, and the like* 

In presenting this broad view, we do not mean to un- 
derrate the importance of the minor differences in the 
iffneous rocks. All those differences are the result of 
varying conditions and circumstances of their original 
formation, and are therefore deserving of the greatest 
attention and study. 

We will return to this subject in the concluding chap- 
ter, and mention some of the theories in respect to the 
causes of the yarious development of the different igneous 
rocks. 
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BASIC IGNEOUS ROOKS. / 

* 

These are compounds of felspar {of various sp/cies^ 

icitli augite, pyroxene^ hornblende, or dark coloured 
mica. They frequently also contain magnetic iron- 
ore, soiiit tunes olivine. In some rocks of t/tis class 
nepheline or lencitc takes the place of the felspar. In 
most, there is an entire absence of quartz* 

Their texture is compact, poi [>hyritic, or crystalline; 
granular, seldom Hhsiie, more frequently vesicular, or 
amygdaioidai ; they are often found in a wackenitic state 
(wack4). 

. According to our arrangement as preyiously indicated, 
we divide these rocks into two classes expressive of their 
origin — ^viz, the volcanic and the plutonic» 

1. Volcanic. 

These rocks occur in the form of lava at actual vol- 
canoes of the present day; they are also iouiid in districts 
where the volcanoes to which they owe their birth have 
heen lon<^ extinct. In the latter ease they often form 
isolated conical mountains, or they are found as dykes 
iilling up the rents and fissures of older rocks. 

They differ from the plutonic rocks (which have solidi- 
fied deep down in the earth) hy the prevalence of a 
species of felspar poor in silica, such as labradorite (or in 
its stead nepheline or leucite) ; moreover, by the preva- 
lence of augite rather than hornblende ; and by the total 
absence of quartz in their composition. Volcanic rocks 
also show the traces of their former state of lusion mnch 
more distinctly than the y)iutonic ; and they have evidently 
cooled much more rapidly than them. 

All the volcanic rocks hitherto) met with are of com- 
paratively recent date, and probably no ancient ones are 
now existing : for the most part they have decayed away. 
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BASALTIC BOCKS. 

These rocks are mostly compounds of lahradorite and 
auffite, with the addition of some magnetic iron-ore. 
Instead of the labradorite, they sometimes contain 
oligoclaee^ nepheline^ leucite, or hauyne, and frequenJUy 
also oUvifte. In their fresh state they are hlaek or 
dark-grey. 

These rocks have been differently named, partly ac- 
cording to their somewhat var^rin^ mineralogical compo- 
sition, partly in respect of their differing texture. Tke 
most usual distinctive designations are the following: — 

Dolerite, consisting of labradorite and auglte. 

Nephelvne-dolerite, consisting of nepheline and augite. 

Basalt^ ihe same compound in a compact state. 

Leucite rock, consisting of leucite and augite. 

Besides the above, there occur other, though less fre- 
quent combinations, and varieties which have been 
separately named, or which deserve special notice as 
frequently recurring. In this category we may place 
anamesite, tholeite, analcymite, allogovite, hauynophyry. 

The basaltic rocks are all much alike in their outwiurd 
form and bedding. They occur as lava at active or re- 
cently extingui^ed volcanoes. Sometimes diey form 
conicHU hillS) which are to be regarded as the kernels of 
extinct volcanoes whose outer coating has been washed, or 
has decayed, away. Again, they frecj^uently form dykes, 
that is, tliey fill up clefts in older rocks, but in this case 
thov usually iqipear to be connected with larger masses 
of a similar nature from which they have branched out. 
Where they occur as actual lava we usually find vesicular 
or scoriaceous varieties and tufa formations of correspond- 
ing composition ; but not the vitreous state. There can be 
no doubt that all these rocks are cooled products of igneous 
fusion, and that the process of their formation is con- 
tinued at the present day. The proof of this even in the 
case of the older ones may be found in the effect which 
they have often produced upon other rocks with which 
they came into contact while in a state of fusion. Those 
rocks frequently exhibit transmutation?, for which the 
simplest or only explanation is the effect of heat ; such as 
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local vitrefaclion, change of their state of oxidation $ 

expulsion of their bitumen, or carbonic acid, change of 
their texture, or obliteration of their jointed structure. 
Sometimes also, but less frequently, the stratification of 
older rocks lias been disturbed to a remarkable extent by 
the eruptit>n of basaltic rocks. Again, the latter very 
often contain, near their margin, fragments of the rocks 
which they have broken through, and breccias have been 
formed in this way. 

The basaltic rocks, as purely volcanic, chiefly belong 
to the most recent geological period. They are never- 
theless found in many districts whose former volcanic 
activ ity has long since ceased, and where their bedding 
shows that they are older than some tertiary formations. 
The original surlace ul' thtse older basaltic rucks is usually 
partly or entirely decomposed and washed away, and 
they partake somewhat of the nature of piutonic rocks, 
especially resembling certain greenstones of analo^us 
mineral character, and actually forming transitions into 
the latter from the more genuine basaltic rocks. They 
appear to have undergone many changes of state through 
the influence of time and position. Their vesicular cavi- 
ties have become filled with new mineral substances 
(amygdaloids), internal decomposition or transmutations 
have taken place, carbonates, zeolites, and other hydrous 
minerals (formerly absent) have been formed, and are 
now intimately blended with, and actually form part of 
their composition ; or else their original fresh condition 
has become wackenitic. Hence we find that no sharp 
defining boundary exists between the volcanic and the 
piutonic rocks. It nevertheless is not a Uttle remarkable 
that we do not know any rocks of undoubted basaltic 
character older than tertiary.* The case is the same with 
the trachytes and other volcanic rocks, and, gener;Ul} 
speaking, we find that all the older igneous formations 
differ materially from the more recent, and more still from 
the most rn ent. This fact deserves attention, and seems 
to require more explanation than it has hitherto received, 
since we are authorised on other grounds to conclude that 

• Mr. J ukes believes the Kowley Kag basalt of the South Staflbrd- 
sMre coalfield to be of Paleozoic age {GeoL S, Staff. Coalfield, GtoL 
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volcanic agency has been at work in all periods- of the 

earth's history, much in the same way as at the present 
time, and has always brought fortli like jiruduets. What 
has become of those i>kler products corresponding to the 
lavas and basalts of tiie preaent age ? Doubtless a great 
part may have perished from long exposure to the^ de- 
stroying influence of the atmosphere^ or if more deeply 
buried, has suffered internal change ; neyertheless it was 
to have been expected that here and there (in old con- 

flomerates for instance) we should have discovered some 
locks and boulders at least of genuine basalt. Strange 
to say, none have yet been found, at all events none 
wiiose character has been proved with certainty. We are 
aware that in England some basaltic and phonolitic boul lers 
are said to have been found in Devonian strata, but these 
statements seem to require further confirmation.* 

1. DOLEMTE and ANAMESITE.—Mimesite, Ne- 
pheliue-Doierite, Trap in part. 

BoLBKCT und Anamesit. — Mimesity Basallaflcher Griinstein^ 

Griinstein, Nephelin-Dolerit. (6r«im) 

A crystalline-granular compound of lahradorite and 

augite with some titaniferous magnetic iron-ore. In 
nepheliiip-dolerite^ nepheline is a substitute for the 
labradorite. 

Spec. ^B.Y 2-7 — 2 9 

Contains silica 42—67 p. c« 

The name of Dolerite was given to this rock by Haiiy. 
It is rarely sntHeicntly coarse-<2rrained to allow of its 
individual mineral constituents beinff readily distin- 
gnished, but more usually it forms a fine-grained dark 
grey to black mass, in which we are unable to distinguish 

• In describing some ot the igneous roclcs iuteretratified with the 
Lower Silurian rocks of Irckmd, Mr. Jukes mentions the occurrence of 
associated beds of conglomerate containing pebbles of vesicular trap, 
deriTed probably from the upper surface of tiie old lava flows (Studenfi 
Manual^ 2nd Edit. p. 82). Some of the traps inteistratified with the 
GArboDiferous Lim^tone of Co. Limerick have the yeaicular and quafli- 
scoriaceous parts of their upper and under surfaces preserved. A 
similar fact is described hy Mr. Goikio in his paper on the trap rocks 
of Scotland (see Tran8, it. J:!diii, vol, zxii. part 3, p. q41}, — 
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between the labradorite and augite. This fine-grained 
yariety has been specially named by yon Leonburd as 
Anamestte, 

If the compound is distinct, then the labradorite apj)ears 
in the form of white or light-grey t.ihiilar crystals, the 
aiicnte in black columnar ones. But in such rase there 
is usually also a compact matrix in which tiie more dis- 
tinct pai ticles are imbedded. This matrix is a compound 
of the same ingredients — viz, labradorite and augite, 
usually with the addition of magnetic iron-ore, and some 
carbonate of protoxide of iron and carbonate of lime, and 
is so compact that its seyeral components cannot be re- 
cognised with the eye, except that the magnetic iron-ore 
sometimes appears in distinct octahedrons. 

The presence of the carbonates of protoxide of iron 
and of lime of which we have spoken was first ilemon- 
strated by Beriremann, as well as that of a certain silicate 
of alumina and soda, whose character iie could not defi- 
nitely determine. He showed that almost every dolerite 
contains one part capable of being decomposed by, and 
another part which resists the influence of muriatic add. 
The first part consists of the carbonates, the magnetic 
iron-ore, and the undetermined silicate. The latter part 
consists of augite, and probably also some labradorite, 
inasmuch as the different kinds of labradorite comport 
themselves very variously in the presence of muriatic 
acid, and there is also a material difference according to 
whether it be heated or not. Most kinds of dolerite con- 
tain from 1 to 2 per cent, of water, but this Bergemann 
regards as accidental, and as not haying formed part of 
the original composition of the rock. 

Bergemann made a series of analyses to test the com- 
paratiye character of two kinds of dolerite, the one at the 
Meissner Mountain in Hessen, and the other at the 
Aulgasse in Siegburg in Westphalia, with the following 
result : — 

Meissner AuJgasse 

Labiadorite .... 47-91 . . 80-06 

927 . . 85-43 

897 . . 3-61 

22-21 . . 2-71 

11-29 . . 27-76 



Aiigite .... 
Magnetic iron-ore . * 
Silifiit" Cproblematical) • 
Carbonatea 

We thus find two perfectly characteristic yarieties of 
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doleiite ditiering very widely in their niineralogical com- 
position. In other varietiesj in spite of outward uniformitj 
of appearance, other and even greater differences^ both o[ 
mineral and chemical character^ constantly occur. 

Besides the above-named more or less essential in- 
gredients of dolerite, it contains a considerable number of 
accessory ingredients, many of wlticli are only locally 
found, or in very subordinate quantity. Such, for in- 
stance, are nepheline, sodalite, nielanite, mica, bronzite, 
hornblende, olivine, titaniferous iron-ore, and specular 
iron. In Bssures and vesicular cavities there also occur 
zeolites of various kinds^ and distinctly crystallised sparry 
carbonates. 

In some varieties, the proportion of nepheline is very 
considerable, supplanting the labradorite, and so forming 

transitions into ncpheline-dolerite. Becoming more com- 
pact in other varieties, dolerite passes over into basalt, 
and the ditlerent stages of compactness of texture may be 
typified by the three names of Dolerite, Anamesite, Basalt. 

Varieties in Texture* 
(a) Common Dolerfte. v in whieli the principal ineiedients 



OkmeinerDolkuit. {Oerm 

UOL&BITB UTHOXDS. 



)in wmco tne ]^niicipu ingiecuenis 
are distinctly visible — KIein-Prie8e(D| 
near Tetschen, Bohemia. 

1 



(6) AsAXEsrm. ) !Rne-CTained, the principal ingtedients 

[ only hawly visible, Steinhiam, near 

(c) PoRPHYRiTic DoLERTTE. | With ciystals of labiadorite 

PoBPHTaABnosR DoLKRrr. iGemu) r axuntpi mthpr win* 
noiARnspoBPHnioatDB. (/y.) ) or augiie^rnxner rare. 

(d) YwtcuLAB, OP ScosiACBOus DoLBBiTB. I ThjB textm only 

BuusniKR (or SoRLACKiOBB) DoLERTP. (Germ.) ' occurs iH the fine- 
grtuned vHri<>fios (anamedte); fire^iuent at volcaQoea — Steiu- 
heiii), near liaiiau. 

(e) Amyqdaloldal Dolerite. ) With filled-up cavities. 

MANBELsrrKiNAimoRB Domr. «7«m.) r This variety is rather more 

(f) DoLERiTE-wACKfi. ) Catt Ml genonl only be recognised as 

DoLKRiT wackk. (Oerm.) \ belonging to dolente by tracing the 
Wacke DOLfewTiQUE. (/v.) ) fle^uence of transition states, op by 
its immediate juxtaposition m nature with firesh dolerite. 

Variety in Composition* 

(g) NsPHELTNB-BocERiTB. ) A ciystalline granulaar oomponnd 
NKPHRt TN -Doi KUTT, viM Zeou' I of nepheline and augite with ti- 

^2in^*^.) i taniferous magnetic iwrnHMTo. 
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Spec. prav. ^ . . . . 2-2— 2-6 
Contains silica .... 41 — 51 p. c. 

This rock, formerly taken for common dolerite. was first sepa- 
rately described and named by v. Leonhaid. It is a dolerite in 
wHcn nepheline takes the place of labiadorite. As aooeflsories 
we find It to contain ihin adcular cryttak of apatite^ some 
sanidine, olivine, and titanite. In becoming compact it passes 
into nepbeline-basall^ which is hardly to be distinguished from 
common basalt. 

Stibvarieties qf Texture* 

(a) BorphyriUo N^helifie'doknte^^ the porphyritic texture being 
created by crystals of nepheline. £jKt£enbackel in the Oden- 

■vrald. 

(i3) Vesicular and aiiiygdaloidal nnd wackemtic varieties occur; 

also line-grrained ones, answering to anamesite, e.g. in the 
Lobauer mountains. 

Perhaps much of what has hitherto been called dolerite is 
more properly nepheHne-dolerite. The rock is now yery 
distinctly reco^isable, e.g. near Meiches in Hessen, at the 
Lobauer Berg m Upper Lausitz and near Tichlowits on the 
Elbe in Bohemia. 

Dolerite is found irregularly magsivey or of columnar, 
tabular, or globular jointed structure. It forms lava 

streams, isolated cones, and veins in other rocks. 

This rock is so frequent in all countries, especiaily in 
volcanic districts, that particular localities need not be 
further enumerated. We will only add that tlie doleritic 
trachytes of G. Rose, which are mentioned in the fourth 
volume of his ' Kosmos,' as occurring at Etna, Stromboli, 
&c, appear to be dolerites rather than trachytes. 
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Appendix. 

Thoxkitf. Steininger bas given the name of Tholeite to a rock 
found at the Sphanmberg near Tholei, which he took for a 
compound of albite and titanite. But aorording to Berpre- | 
mann'8 analysis this rock consists of 70 Inbradorite, 5 au|iite, | 
3 magnetic irou-ore, 11 of undetermined silicate, and 9 of i 
Gajrb(»iate of limeaadiiiotoxidaaf iron. Itmusttibi^efoTefirom 
its composition be considered a dolerite or basalt unless indeed 
it be considered as plutonic and classed with melaphyre. 

AlTALCTMITE. ) Bergemann in Karsten'H Archiv. 1847, 

Ctclophykk, iSlie dt Btau-^ vol. XXI. pp. 4, 12. Gemellaro has given 
munt. (Fr.) ) uame of Analcymite to a rock found 
in the Cyclades which appears ori<nnally to have been adolerite 
containing nepheline, but two-thirds of its masa now consist of 
analcime, although the latter chiefly tills clefts and cavities. 

We may here also menticntwo kinds of yolcanic rock which 
might collectively be called 

Oligoclase-Dolerhb. We refer to the Andesite of L. y. Buch, 
and the Trachybolerite of Abich. 

Both are compounds of oligoclase, miirito, hornblende, mag- 
netic iron and some mica, the latter generally of dark colour. 
But a.«^ their silica contents often exceed (50 per cent., and as^ 
they are frequently found in vitreous state but of trachytic ap- 
pearanccy we have arranged tbem according to xmiyersal custom ^ 
amonest the trachytes; hut no doubt they stand on the 
boundary between the trachytic and basaltic rocks^ and may he 
considered as transition states between the two. 

2. BASALT. — Nepheline Basalt^ Trap in port 

Basalt. (Germ,) 
Basalts. (I^.) 

A compact rock, nearly or quite black, with dull coji^ 
choidal f racture ; an apparently ho/Noye/tcons com' 
pound, of which the essentials are lahradorite {or \ 
nepheline), augite, and magnetic iron'^re, frequently 

I 
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united with carbonates and zeolitie substances. In 

the compact mass there often occur prominently dis^ 

tinct grains or even crystals of olivine, labradorite, 

an (J lie ^ and magnetic iron-^re. 

Spec, gray , , 2*0 — .S I 

Coutams silica 40 — 50 p.c. 

The mineral ingredients of basait are too small and 
intimately blended to be separately recognised with the 
naked eye ; formerly it was taken to be a simple mineral 
substance, but it is now shown to be only the compact 
state of dolerite or nepheline-dolerite. We must, however, 
observe that olivine and magnetic iron-ore is of much 
more frequent occurrence in basalt than in the two last- 
named rocks. 

Cordier was the first who, by means of microscopic 
examination, thouglit he recognised in basalt a similar' 
composition to dolerite. Hessel confirmed this view by 
deduction from analysis, and many instances of the 
gradual transition from basalt into dolerite also coincided. 
But that basalt was in fact a compound of the above- 
named minerals was afterwards established beyond doubt 
by the more accurate analyses of Gmelin, Lowe, Girard, 
V. Jjibra, Uriiger, Sinding, Petersen, Ebelmen, Baumann^ 
Kammelsberg, Schmid, and Berircmann. 

Gmelin first foniK] that a i^ortitm of the mass of basalt 
was soluble in muriatic acid, and another portion not. The 
insoluble part he considered must be chiefly augite and 
olivine, perhaps also labradorite ; the soluble part, mag- 
netic iron-ore^ a sparry carbonate and zeolitie substance 
(and sometimes nepheline). The proportion between the 
two parts (as in the case of dolerite) is very different in 
different kinds of basalt. The quanti^ of the soluble por- 
tion fluctuates between 36 and 88 })er cent. The propor- 
tion of the individual mineral constituents, aiul also that of 
the elementary ingredients, appear to be cqnallv variable. 

Ijike dolerite, basalt very often contains some carbonate 
of iron, calcspar, and zeolitie substance (probably arisen 
from decomposition, and of later date than the rock itself) 
and some kinds of basalt likewise contain nephehne 
instead of labradorite. Girard first discovered this com- 
position in the basalt of Wickenstein in Silesia^ It is 
not easy from outward characteristics alone to distinguish 
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the nepheline-basalt from the ordinary species, unless we 
are assisted by finding a transition into a dihliiict nephe- 
line-duierite, as is the case, for instance, at the Lobaiier 
Ber<T, For this reason it is hardly practicable for the 
geologist to separate nepheline-basalt from labradorite- 
basalt aa a distinct rock, although the difference between 
them, in a purely mineralogical point of view, is of more 
importance than that between dolerite and basalt, which, 
are only yarieties of texture of the same mass. 

Besides the more or less essential ingredients of basalt 
(to which we therefore reckon nepbeline), other minerals 
also very often occur as accessories porphyritically dis- 
seminated through the mass. Thus, for instance, basaltic 
honihlende, oiigoclase, dark brown mica, rubellan, zircon, 
(hyaeiiitii), sapphire, aj)atite, garnet, bronzite, micaceous 
irdn, titanileroufl iron-ore, pyrites, &c. These minerala 
may, in consequence of special local circumstances, have 
either developed themselves into crystals during the 
original cooling of the rocks, or (such as pyrites and 
micaceous iron) lliey may have arisen from later processes 
of transmutation. Similar internal transmutations aided 
by gases or water have most probably produced the car- 
bonates, zeolites, and water concealed in the compound. 
The same influences have, doubtless, also produced the 
minerals which have arisen in the vesicular cavities and 
narrow fissures ot the rock, such as hyalite, chalcedony, 
zeolites, sparry carbonates, glauconite, &c 

The essential texture of basalt is compact; if it becomes 
crystalline-granular it passes into anamesite and dolerite. 
But we frequently find porphyritically disseminated in 
the compact base, numerous single crystals or crystalline 
grains of augite, hornblende, olivme, magnetic iron-ore, and 
the like, or the rock is penetrated with vesicular cavities, 
and these are filled with those newer mineral formations of 
which we have already spoken. There also often appears 
a kind of round-grained or spotted conformation which 
seems to be the result of decomposition. 

Varieties in Texture* 

(fl) Common CoMrACT Basalt.^ ,t - . ^ „ vt , 

GwEiNKH DicHiro Babalt. L V ery frequent, e.g., at Sduomberg, 

(Germ.) f near Stolpen, Saxony. 

Basalts LrmotDs, {Fr.) J * w ^ 



Digitized by Googl( 



BASALTIC BOCKS. 



141 



(b) PoKPHTBiTio Basalt, or BiaALiic s ... x . . 

Porphyry. L "^^^^ frequent — Leschtina, 

basaltb poRPHYRoiDK. {Fr,) J 'lear Tetschen, in Bohemia. 

PORPHYRARTIOEll BASALT. (Gt«rm.) ' 

(c) Vesicular or Scoriaceotjs Basalt. ] Often called, f)ar«rofl^- 

SC0RIK8 BA8ALTIQUB8. (/>. ) Y lence, Basaltic Lava, as 

bla8ioeroder8chlackigerbabalt. {Germ.)j this is usually vefliciilar 
at the 9nrfnce — Karamerbiilil ajid Wolfsberg, in Bohemia. 

(d) Amyodaloidal BabalI| or Basalzic 
Amygdaloid. 

BAfiALTK AMY&mLQgmt. (Fr.) 

MASfmaMmatAjmBOik Basalt. (Oerm,) 

(e) SroTTFD ANT) ORAyrLAR Basalt' 

(RESEMJJLIXa ])oLERIIK). 
KORXIGPLECKIOKR ODER DOLENTAHXUCBER 



Never of recent origin — 
Schlacheuwerthy near 
Carlsbad. 

Usually has dark prmins in 
lig'lit'T «rrf^en ma.'^.s. It is 
a sta«3^e of decomposition. 
E.g. between Arnsdorf and 
Steinsclilmau, in Bohemia, as Stoppels Kuppe, near Eisenach. 
(f) Basalt-Wack (c. ) (Werner's Eisentiion) a dark brown 

Wacrx DASAi TiQUE. or grevy almost ear&y mass, in which 

Basalt-Wacke. iOerm.)) sometimes the tortures («) (ft) (c) and 
(d) axe distinctlj repeated* Pascepole, near Teplitz. 

Sometim( but qidte ezoeplionallyy a Titreous state also occurs, 
whidi fif^thaupt has named Trachylyt, as a separate mineral 
formation. It is found, e.p^. near Dransfeldi in the Vogelsgeheig 
and skirting baaalt-veiQs in Iceland. 

Here xaaj be also fitly mentioned a number of varieties 
of composition^ some of which, if they were always dis- 
tinguishable, might even be separately classed as distinct 
rocks. 

Varieiies in CampositUm. 

(if) Covxov (or Labeadobitb) Basalt. > Consisting of lahradorite, 
Labrador Basalt. (Arm.) / nugite, magnetic iron- 

ore, and usnslly also some olivine. 
(A) Nephkline-Basalt. ^ In which nepheline is substituted for la- 
Nkphkuk-Basalt. I brafinrite; according to Girfirrl, it shows 
Babalteattc NfcpHft- I tracesof a resinous lustre, and thereby dif- 
LiNK. (i-'r.) ) fers somewhat from ordinary basalt. But 
there must be intermediate gradations or trannitions between 
the two which cannot be distingoished as separate Tarieties. 

Is the name given by Rammelsberg 
to a rock from Vulture, near M» Ifi, 
not far from Naples, which essentialiy 
> coTisists of augite and haii^Tie, with 
some olivine, mica, and leiicite, in which also the liaiiyne ap- 
pears to be the 8u])^Jtitute for the labradorite of basalt or 
dolerite. The simultaneous occurrence of leucite, however, 
causes it to resemble lencite rock. 

The ba.saltic lava of Niedermendig on the Rhine contains a 
considerable quantity of haujpe distinctly prominent, but it 
has been conjectured that tlus rock according to its compo- 



(t) HAinnroPHTBT. 

HAtmf^PHTR, * 

(Oerm.) 
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Bitioii should belon<r to ilie nepliprmo-"ba'5alt. On account of its 
veficular conformation it is well adapted tor millstones. 

(U) AiiLOGovrrr ^ T'^ the name <riven by Winkler to ( t rtaiii 

AuLooo\Ti', M i/a/cr. t iiark grey or reddish rocks of the A]l<zau, 
(Otrm,) f which according to him are formed of aii 

intimately blended compound of labradorite Mrith the basalts^ 
although their colour is somewhat different. This may, how^ 
ever, be the consequence of a alight difference in compositiozi 
or an incipient decomposition. 

Kegular jointed striiotiire is very frequent in basalt, 
usnally columnar, sonietinies however tabular or spherical, 
with concentric layers sjdieroidal, or even irreuularly 
massive. It forms streams of lava and layers in tke 
basaltic tufa. It Is very characteristically and variously 
developed in the Bohemian Mittelgebirge ; in the 
columnar form it may be seen with great regularity and 
beautv at the Giant's Causeway in Ireland, at Staffa, &c. ; 
but these approach dolerite in their character, and may 
be more nccurately described as traiibiiiou states between 
that rock and basalt. 

V, Zeonhardf Basaltgebilde, 1832, voL i. 

A. Madeltmfff Metamorphosen von Basalt und Chiyaolith. 
Jahrb. der geol. Heichsanst. 1864, vol. ziv. p. 1. 

Ahichj VulkaniHche Bilduno'pn, 1841. 

Berffemann, Analysen in Karsten's Archiv. vol. xxi. p. 88, 1847. 
S(trtoritts v. WaH(*rshamm. I'hysik. p'eocrr. Skizze v. Island, p. 64. 
Schmid, Analysen in derZeitschrift d. d. geol. Gesellsch. vol. v. 

p. 280, 1853 J and Po^gend. Amialeu, vol. xcix. p. 291, 1853. 
SammMet'ff in der Zeitschrift d. d. geol. Ges. p. 493, 1859 ; 

p. 273, 1860 ; p. 4, 1861, iiber HaujTiophyr. 
Scnill in v. Leonnara u. Br. JalirL , jj. 44, 1857 (Hegau), and 

in G. Leonbard's Beitr. z. miner. Kenntn. yon Baden, No. 3. 

p. 43, 1854 (Kai<^crstuhl). 
JIfniufiff, Die Az(>reTi, p. 07, IBOO. 

Girard, Ueber IS e^iieiin basalt in Toggend. Annalen, voLliv. 
p. 5G2, 1841. 

3. LEUCITE ROCK.— Leucite - Porphyry, Leucito- 

])liyry, Leucilite, Sperone. 

LErcirriLS. (Germ.) 
LbuCIIOPHYBE, Coquand, (JF^.) 

A more or less distinct compound of Uudte and augite^ 

with some magnetic ironware — porphyritie or compact. 

Spec. p»T. ^ 2'5 — ^2*9 

Contains silica 45 — 54 p. c. 
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Leucite rock may be regarded as a dolerite, in which 
the labradorite is ve])laced by leucite. This differeiicc of 
composition is also usually acc()ni])anicd by other differ- 
ences easily to be recognised. The colour of the compact 
mass or matrix of the rock is more grey or reddish-grey 
than either dolerite or basalt, and, moreover, the charac- 
teristic crystals of leucite are frequently to be found dis- 
tinctly and prominently developed. It is a distinguishing 
feature of this mineral in general, that it rarely occurs 
otherwise than porphyritically imbedded, and not clus- 
tered in geodes. Sometimes distinct crystals of augite 
lie near the leucite in the compact matrix. As acces- 
sories leucite rock also contains the following minerals : 
dark magnesia-mica, sodalite, sanidine, labradorite, ne- 
pbeline, olivine, haliync, garnet, and traces of apatite. 
Zeolites also very frequently occur in the clefts or vesi- 
cular cavities of this rock. 

Where the proportion of nepheline is greater, a transi- 
tion takes place into nepheline-dolerite or nepheline- 
basalt. 

VarieHes in Texture. 

(a) PoKPnTETTTc T^ErriTE, Leucitophybt. 

(b) Compact J.kucitb. 

LRircrroPBTiix utboKds. (/V.) 

(c) Vesicular or LErciTE-LAVA. ' 

LklCITOI'MYHE VAGUOLAIiUC C^.) 

(d) Amygdaloid. 

AmtodaloIdb. (A>.) 

Leucite rock forms old and recent lavas, e.g. at Monte 
Somma and at Vesuvius (eruptions of 1828 and 1832); it 
also orcuis at volcanoes long extinct, for instance at 
lioccamonfina, in the Albanian Mountain?, at Rieden, 
and at Bell near Andernach. Not long since, a leucite- 
porphyry was discovered at Bohmisch-AViesenthal, on the 
highest ridge of the Erzgebirge,- with decomposed wack- 
enitic matrix, and crystals of leucite, more than an inch 
in length, but for the most part changed into orthoclafie 
(or kaJioligoclase). This last named occurrence inyolun- 
tarily suggests the question whether the felspar of many 
older rocks luav not ori<xiiiallv liiive been leucite, whose 
form bus become indistinct or entirely altered so as to be 
no l(Him'7' recofrnised. It certainlv is somewhat I'emark- 
able that hitherto no ancient leucite rock has been iuund* 
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Appendix* 

Nosbah-Mblaivitb BoGfE 10 the name recently giyen \jj yom Bath 
to a lock consbting of a fine-gained compound of noaean^ 
TitreoiiH felspar^ and melanite, with some hornblende, augritey 
and titaniferona ironnne. Zeitsch. der deutscJi. geoL Gea. 

p. 656, im2. 

Von Fritech um6 the common name of Teptirtte to include leuci- 
tophvrv, hauyu<>iiiivry, and nepheline rock, Neues Jahrb. f. 
■ Mineral. 1866, p. 663. 

BmriTS ia the name given hj yon Hoebatetter to a granular rock 
which occurs in New Zealand, consisting almost exdnaiyely of 
olivine. Zeitschr. d. deut geol. Gea. 1864, p. 341. Sand- 
berger has described a similar rock as occurring in the Tring^ 
atein in Naaaau. Neuea Jahrb. f. IdinenU. 1865, p. 449. 

DemHe in the Bullet, de laSoc. d. IV. [2] yotzii. p. 613, 1856. 
Dufrenoy, Mem. n. a. & nn d^scr. ^^oL d. Ft, Toliy. p. 868. 

Uompt. rend. vol. xxi. p. '12<), 1846. 
Wcddinf^ m d. Zeitschr. d. d. preol. Ges. vol. x. p. 305, l^TS, 
V. liath 'm d. Zeitschr. d. d. g-eol. (res. vol. xii. p. .')7 (Zittau), 

1860. Leucitophyr von Itieden; Zeitschr. d. deutschen 

geol. Qesellsch. 1864, p. 73. 
Naumam in y. L. imd Be, Jalirbnch, p. 61, 1860 : p. 59. 

1861 (Wiesenthal). 
Jlammelsberff in d. Zeitschr. d. d. geol. Gcs. vol. xi. p. 493, 

1869 $ yoi. ziii. p. 9^ 1861 (Yeauy. and Wieaenthal). 

2. Plutonic 

These rocks are compounds of various felspars with 
pyroxene^ hornblende or mica. Besides these essential 
ingredients they frequently contain some chlorite, nephe- 
line and magnetic iron-ore, quartz only exceptionally ; 
the greater number are Iree from quartz. Mincnilogi- 
cally as well as chemically, therefore, the composition of 
these rocks is verv similar to that of the l>asaltio roc^ks. 
The chief differences consist in the greater frequency of 
hornblende as an essential ingredient, and the frequent 
occurrence of chlorite and the more rare occurrence of 
quartz as accessories ; and in the development of slaty or 
schistose texture in many of these plutonic rocks. 

All diese differences may be accounted for by the 
greater depth at which these rocks probably attained the 
solid state, and by their having remained a longer time 
under the pressure of superincumbent masses. The same 
causes may have given rise to many transmutations or 
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new formations, such for instance as the formation of 
chlorite, a characteristic (if not altogether essential) in- 
gredient of the augitic greenstones, and to which they 
chiefly owe their green colour, and which also usually 
serves to distinguish them from the basalts. 

We divide the plutbnic basic rocks into Gbbekstokes, 
Melaphtbes, Porphtritbs, Mica-Traps and Ste- 
:MrE8. Some of these, however, a})proach the acidic 
rocks in the proportion of silica which they contain. 

GREENSTONES — (trap in part). 

jThese rocks are coriipounds of some aperies of felspar 
4bith pyroxene or hornblende as essential ingredients ; 
their prevailing dark green colour the^ apparently 
owe partly to hornblende and partly to a small admix^ 
ture of chlorite* 

They are usually divided according to their niiucral 
character into three classes, under the follouing heads : — 

Diabase, consisting of felspar and hypersthene or augite 
and chlorite. 

Gabbroy consisting of felspar and pyroxene. 

Diorite, consisting of felspar and hornblende. 

Besides these principal divisions, there are several 
subordinate varieties of composition which have distin- 
guishing names, such as Calo^abase, Eukrite, Teschi- 
nite, Augite-rock, Malakolite-rock, Euphodite, Norite, 
Hypersthenite, Timazite, Calc-diorite, and Anorthite- 
diorite. Aphanite is the compact state of greenstone 
rock in which the several ingredients are not to be distin- 
guished with certainty ; and if the compact aphanitic mass 
contain distinct individual grains or crystals porphyriti- 
cally disseminated through it, then we employ the names 
of Calc-aphanite, Labradorite-poi-phyry, Oligoclase-pop- 
phyry, Augite-porphyry, and Uralite-porphyry, for the 
different varieties. 

Greenstones of all kinds occur frequently in subor- 
dinate masses, dykes, or stratified veins in the schists or 
slates of the grey-wacke or transition period, and even 
alternating with tuff-formations of the same j)eriod which 
contain characteristic fossils, so that we mav conchide 
that many greenstones were contemporaneous with those 
formations. This association with the transition-forma- 

L 
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tioiiB may be observed in the Voigtland, Fichtelgebirge, 
HartZy and the Rhine district, also in the Silurian district 
of Bohemia, in Germany, and many other parts of the 

world. Greenstones are likewise met with which have 
broken throii<!:h and ])onetrate(l inurh ni()re recent forma- 
tions: the tinui/.ite of Jlimirarv and Transylvania for 
instance tuiind to have CNcn penetrated sand-tones of 
the tertiary period. But the most recent tertiary for- 
mations are nowhere found to have been broken through 
by genuine greenstones, although very frequently by 
basaltic rocks. Greenstones are never found in the form 
of genuine lava, but always more or less show their 
plutonic origin, in which probably consists the Vhole 
difference (not very considerable after all) between them 
and the basalts. It is very possible that the same basic 
compound whieh, consolidating near the snrfaee, has pro- 
duced tlie basaltic roeks, when it attamed tlie solid state 
at a greater depth Ibrmed the greenstones, whose pyrox- 
ene and hornblende may have been partly an original 
product and partly produced by subsequent transmu- 
tation. The basalts and greenstones in general very much 
* resemble each other both in chemical composition and 
mineral character. The chlorite, by which some of the 
auiritie jxreenstones are alone distinguishable from the 
basalts, is most usually a product of transmutation. 

4. DIABASE. — Hyperite, Scandinavian Trap. 

DiABAS. (Germ.) 

DiABASRy BrongmaH, (JFV.) 

cr7/.9faJh'ne-f/ranulnr coinjxmnd of olujoclase, lahra- 
dorite, cUhite, or anorthitc, with pyroxene and some 
chlorite — in its fresh state dark green* 

. Spec.grav 27 — 2*9 

Contaiiia silica 43 — 66 p. c 

Diabase was first raised to the rank of a separate rock, 

and distinguished from other greenstones, by Ilausmann. 

It is often very fine-grained, and in that case it be- 
comes difficult to deiennine the species of the felspar or 
of the pyroxene, or to recognise the elilorite as such. 
The felspar seems in most cases to be a white or greyish- 
green, oligodase or labradorite. The pyroxene is most ge- 
nerally hypersthene, but sometimes common augite. The 
green colour of the rock is chiefly owing to its chlorite. 
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the quantity of which is however small. As accessories 
the following minerals very frequently occur : magnetic 
irou-ore, mairnetic pyrites, pyrites, sometimes also some 
chalcopyrite (cojjper pyrites). 

As accessory accompaniments (in clefts, veins, nests and 
yesicular cavities) are found quartz, actinolite, asbestus, 
cat's-eye, pistacite, prehnite, axinite, calcspar, brownspar 
(dolomite), talcspar (magnesite), &c. 

The prevailing texture of diabase is fine-graiiied ; it 
passes over into the oompact (aphanite) ; it is also some- 
times porphyritic, slaty, variolitic or amygdaloidal. 

Diabase bears a strong relationship to dolerite, the 
most marked feature of its ditierenec I'roni the latter is its 
chlorite and its consequent green colour. If this chlorite 
be a product of transmutation, then all the original dif« 
ference between diabase and dolerite probably consists in 
the level or depth of solidification. 

The vesictUar cavities of diabase (where they occur) are 
ahnoat always filled up (amygdaloids), and this eircum- 
stanee may be ex|)lained by the rock having long lain 
in the interior of the earth under modifying hydro- 
plutonic in£uences. 

Varieties in Texture, 
(a) GRANrLAR Diabase. | Frequent near Beraeck, Saalbimr, 
nuBASK oBAxnoiDK. {Ft,} ) both in the 1 ichtelgebirge, &c. 

- Merginf? into aphanite, 

generally occura with 

(«)• 

(c) PoBPHriuxic Diabase. ) In fine-grained base, crystals of 

TowvmAXp^m^j^A^(Germ.) I labradorite, oligoclase, pyroxtine, 
DuBAHBPOBFHTwflDB. <iVO j or uialite appear. If the matrix 
Ib compact, then these varietieB are also sometimes designated 
labrador-porphyry, augite-porphyry, or iiralite-porphyry (com- 
paie with aphanite, post^ p. 16/). 

(d) 8CHISZ06B BiABASl^ OT DiABASB- 1 Indistinctly foliated, going 

Schist. I over into aphanite-scliist: 

Dlabas-Scbikfkb. (a«rm.) I occurs together with (a) and 

(e) AuronALOiDAL Diabase, or\ The vesicular cavities are filled 

Diabase Am tgdaloib. L with calcspar, chlorite, gUuconite, 

chalcedony Mid the like. Ber»eck 

' m Iichtelgebirge. 



(h) Fine-graimeb (to ooifPAor) Diabase. 

pKDfK'oRXIOKf^ }•]< niCHTER DUBAfl. (flferw.) 
DiABASB UnuM UK. (/V.) 



(f) Vabiolitic Diababb (Vabioliib\ 

in part). 
Vaiuoutibcheb DiABAS. {Germ.) 
niABABB VABIOUnQUB. (Fr.) 



In the principal mass lound 

concretions occur of a com- 
pact or radial-tibrous or con- 
centric felsite (.labradorite), 
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Diabase WACK^:. 
Diabab-Wackk. {0«rm.) 

WACKB DIABAfiniUB. (/V.) 



yeiy cliaracterietic neiur Bemeck, where the small felaitic glo* 
bules bave aviolet-ooloured Ducleus and a white ring. 

(g) WACKBUmc DiABASB, or ) Decomposed, discoloured, earthy, 
— — ' aJid can only be detennined to be 

such by its juxtaposition with other 

diabase. 

The following rocks are varieties of diabase in respect 
of their composition, or are to be classed under the head 
of diabase on account of their close approximation. 

Varieties in Compontwn. 

(h) Common Biabask. 
(t) Calcareous Diabase 



KALKDiABAfl. (Oerm.) 

niABAflSCALCAmS. (iV.) 



In the fine-grained or oompact matrix 
of diabase rock are found small rounded 

grains of calcsmr which do not appear 
to be the fiUings-up of cavities. This somewhat ]^ble- 
matical variety has been called calc-trap by Oppermann. By 
others it has been called blutterstcin, calc-aplianite, diabase, 
and amygdaloid, and if somewhat slaty^ schsilstein. (Loben- 
stein in the Fichtel{?ebirtre.) 
(Ji) EuKKiit. \ A cryatalliiie-granulai" compound ^of anor- 

BuxBiT. (Arm.)) thite and augite, occasionally with some 
otiyine, hornblende, and epidote. The latter iippean to haye 
arisen from decomposition- 

This rock, according to its mineralogical composition, would 
almost appear to be better classed with dolerite than diabase, 
but according to Tschermaik and Krafit, its geological cha- 
racter is plutonic. 

It appears at ( t iim belbur^ near Neut^liin in Moravia. Some 
meteorites have precisely the same composition. 
(Q Tjsschinite. \ Is the name given by Hobeneg^ to a 

TBCHnnT,£foftm4nwp. r rock whose mass is chiefly felsitic, and 
(Omn.) } ^ -^bich hypersthene forms long black 

needles ; it sometimes also contains fine needh'S of apatite. 
This rock has broken through chalk formations and even 
eocene strata in the neij]:hbourhood of Tetschen, where it some- 
times forms irre;_ ul;ir masses, sometimes veins. Accordmg to 
von Hochstetter, iiomblende and augite fonn part of its com- 
ponents, also sometimes augite and labradotlte with subordi- 
nate admixtures of iron pyrites, magnetic iron-ore, mica, and 
chlorite. These therefore are compounds which might pardy 
be classed with the dioritea and partly with diabase^ hyper- 
sthenite, or even dolerite. 

More by way of appendix than as properly inclusive in 
this class^ we here add : — 

(m) AnaiTB Bock (Lhbbzolite).) A granular to oompact ag- 

AuGrrFKLs, Lheiizouih. (0cm.) f gregate, chiefly consistmp^ of 
Lhsbzoutb. (/y.) f au^te, dark-green, brown, or 

giey ; as accessory oomponents it contains some talc, steatite^ 
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schorl, hornblende, or calcspar. This rock can only be said to 
lie Allied to diabaae ; it forms subordinate masses at the Lake 
Lkeiz, near Viodeftsos in the Pyrenees. [According to Damovr^ 
however, tins rock of the Lnerz is not thus composed, but 
consists of olivine, eustatite^ and diopside. See Neuesr Jahrb. 
f. Mineral. 1863, p. 95.] 
(a) IMLala KOLITE. ] Found in rrranular limestone' 7i«*ar 

P^^SS^SiiJli^*iv i Rocklitz at the toot of the Kie- 
PVBOiXBiiini, Coqwmd, (/>•.) sengebirge, where, according to 

Herter and Forth, it forms subordinate masses, containing 
eopper-ore and eonsisting essentially compact mHte (niala^ 
kolite). 

The diabases and the last mentioned rocks, which are 
related to them, are either found in indefinite masses or 
with columnar, spherical, or irregular spheroidal jointings, 

Jhe genuine diabases are most frequently found in 
the Devonian, Silurian and Cambrian formations, so for 
instance in the Yoigtland, Fichtelgebirgc, and Hartz 
mountains, where sometimes the immediately adjoining 
clay-slate is transformed into a kind of humstone. 
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6. GABHKO. 

(J \ HHiu>, von Buck, {Germ.) 
Gaubko. (Ir.) 

These rocks are compounds of labradorite or saus^ 
surite, with di<illaffe, smaroffdite, or hyperstheney 
and usually some other minerals. They are dtstin^ 
guished by the irregularity oj their composition and 
texture. 

Spec, grav 2-8— 3-1 

Contains silica 48—4(3 p. c. 

Tlie Italian name of Gabbro, which L. v. Buch first 
applied to a distinct class of rocks, has a broad and a 
narrow signification ; but as even the narrower Tneaning 
is not very definite^ the name is more serviceable in jta 
comprehensiye sense, and in which it is more gener^y 
understood. 

Naumann, using the term in its narrower sense, de- 
scribed gabbro as a compound of labradorite or saussurite 
with diallan^e and smaragdite, and he separates from it 
hyperstlioru; rock or liyperite, wliieh eBsoiitially consists 
of lahraciurite and hypersthene ; and there are some very 
similar rocks which have received the names of norite and 
euphotide. 

Ail these in fliet only form varieties of the same rodt ; 
they are veiy difficult to distinguish from each other 
when they occur in a somewhat fine-grained «tate ; and 
when they pass over into the quite compact state, as is 

often tlie case, they all become aphanite. 

Since the texture of these rocks frequently changes 
Tery ra])i(Uy, that is within a small area, from very coarse- 
gi uiiied to fine-grained, compact, or slaty, their division 
into varieties of texture cannot serve any useful purpose. 
We shall therefore only enumerate the varieties of com- 
position, which are the following :— 



Varieties in Composition. 



(a) Gabbbo, DiALLAes Roge^ GnimTom, 

Oahbho, (Germ.) i 
DrAr.LAOiiK, Deicloizeaur. (Fr.) 



Consists of laira*- 
• dorit« or sanssunte 

and dijillaprp, or sma- 
ragdite irregularly conibincci, also sometimes of all tliose iiut. 
nerals too^ether. It is \erv coarse-frraiiicd, line-grained to 
compact; iioiuetiaies slaty or ^putted (vaiioiitic). 
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The felspar if in the form of labradorite is coarBe-grained to 

fine-giamed ; colour — ^white, grey, or violet If it be aauBsurite 

it is compact and white or greenish. 

Tlie dialla«re occurs in white individual crystals of half 
metallic liHtri'. trn'v to (rreon. The .sinara^rdite is prass-jjn'eii, 
and has a luotlier-ui-pearl lustre. Small (iuaiititics of isparry 
carbonates are often also contained in the compound fre(^uently j 
not visible, but Tecogni^able through effervescence with acid : 
they are probably of secondary origin. The visible aoceasoiy 
ingredients ai r luica, talc, hornblende (especially at the mar- 
^s of the diallage), actinolitey game^ iron pyrites, mafrnetic 
iron-ore, titaniferons iron-ore, specular iron, and apatite*. Many 
of these also may bo secondary I'ormations. CaU:spar and 
quartz occur in ne^ts or veins. 

This rock payees into serpentine by transmutation (a^ near 
Siehenlehn in Saxony) into aphanite by becoming compact, 
and apparently it also even passes inta diorite, diabase, gi-anite, 
and granulite. 

The prevailing character of gabbro is masslTe. It penetrates 
older rocks and formations in a maa'ave form, or in the form of 
veins forms apparent parallel strata in such, l^ut it is also fre- 
quently ])<'n»'trated by veins of prranite, which in that cast- <rene- 
raliy contain 8ome ortliile, as near llosswein and iiohrigen in 
Saxony. In the Radauthal in the Ilartz, where it may be easily 
mistaken for diabase, it also contains wollastonite, scbillerspar, 
and rutile, and in fissures also desmine, prehnite, and albite, 
near La Prese in T pper Italy. It consists, according to Ihvit- 
haupt, principally of hornblende with metallic pearly lustre 
(schillerspar), and a felspar of the highest .spec. ^rav. with 
some brown mica. If the felspars have become miicli wasted 
from w. athering, then the pyroxenic ingredients often appear 
above the surface in strong relief. 

(b) ExrPHOTiDB. \ The euphotide of IVencb geologists is 

Elphodit. (r/,rm.) - according to Delesse, essentially a com- 
ELi.Hcxiii>B.//a%. (/>.) J jt^atioTof felspar and diallage with 
titaniferous and chromic magnetic iron-ore, iron pyrites, ser- 
pentine and carbonates. The felspar is Saussure's jade, which 
afterwards Beudant called saussurite. It a])proa< hes in eha- 
racter labradurite, also vosgite and anorthite. The dialUige 
often occure as the variety smaragdite, which, according to 
Haidmger, properly consists of a combination of hoiiiblende 
and pyroxene. The talc forms small laminae, scarcely percep- 
tible, the serpentine minute veins. The carbonates consist of 
invisible particles of calcspar, dolomite, and iron. A8 acces- 
sories there also occur hornblende, mica, and garnet^ especially 
characteriatic in the Alps and in (^orsica. 

(cj^NoKiiB, 1 The norite of Scheerer (not of Esmark^ is a 

TSomcJS^heerer. [ compound of hypersthene or diallage, labra- 
((Mnn.) I doritC; orthodase (containing soda), and even 
some quartz. 

The felspathic ingredient of this rock is sometimes so pro- 
minent that the whole mass almost appears to be nothing but 
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a granular felspar rock. It occius on the island liiiLeroe, 
Norway. 

(d) Htpsrsthknitb, Htpsbite. 1 Consists of a coarse-grained to 
HvpKRj^rHKxir HYi rawiMNCTwrr,* compact compound or labrado* 

SEl^(ilT. (Germ.) * i v 

HYpfehiTE. (/r.) f rite and hyperstliene. 

Labradorite is the prevailing injrredicnt, coarse to fine- 
grained, grey, frroenish or bltiish. 'I'ho hypprsthene appears 
dark-bro\vn, to green on its clcavaije .surfact s, has a nietallic 
pearly lustre, its outer edges souielinit's coated with horn- 
blende. The labradorite is the most strongly ali'ected by 
weatherings and it decays away, leaving the hypersthene to 
protrude. The following minenils occur as acceesories in this 
rock:-»Titattiferous iron-ore, garnet, hornblende^ oliv ine, brown 
mica, needles of apatite, iron pyrites, and magnetic iron-ore. 
It usually is of a masjaivc f»tructure, and forms veins or irregular 
masses between other rocks. It occurs tliMrac-trri.^tically in 
Ilollenmiihle, neat Penig in Saxony, Neurode in Silesia, Isle 
of Skye, Elfdalen in Sweden. 

The monzon-hyperstbenite of t. Bichthofen differs slightly 
from the ordinary kind. It consists of a very distinctly crys^ 
talline granular compound of dark-green to black hypersthene 
with gre«U8h-white labradorite. The hypersthene is usually 
the principal ingredient ; sometimes, however, the labradorite 
is entirely predominant, and in that cusq distinct crystals of 
common ]jla<'k nuLnte occur in the mass. 

The hypersiiii inc varieties also sometimes contain the like 
in smairquantities, also dark-brown mica-plates and dystals 
of titaniferous iron-ore are found. At Monzoni in Southern 
T^rol, this rock has broken through genuine syenite (firee from 
quarts) and formed veins in it 
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chlorophoeite in dark brown-green matrix, and pronounces 
both from chemical and microscopic analyses that the 
matrix consists of about 27 oligoclase and 25 auu;ite, and of 
39 vitreous felspar, 5 magnetic iron-ore^ 2 chlorophoeite and 
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2 apatite. He found the content of silica very higli, viz. 
66*6. Poggeud. Aim. 1855, vol xcv. p. 418, and v. L. u. 
Br. J8hrb.!667,p.m 
WMiy^ Gabbio yon Neurode. Zeitsclir. der dentachen geoL 
GeaeUfleh. 1864^ p. 530. 

6, DIORITE. 

DiOBlT. (Germ,) 

A crystalline^anular compound of felspar and horn-- 
blende. 7%e felspar is not orthocla$e. In fresh state 

it is usually dark ijrem, 

8 pec. grav. 2 6 — 2-9 

Contains Silica 47 — 58 p. c. 

Diorite was first so named by Haiiy. Its texture is 
often BO fine-grained that it is difticult to determine the 
species either of its felspar or hornblende^ although the 
minute particles of the former in most cases shew the 

fine parallel striae which are characteristic of albite, 
oligoclase, anorthite, or labradorite, and which forbid the 
idea of ortlioclase. Gustav Rose in his first work on 
greenstones held the felspar of diorite to be aliu'te. Sub- 
sequently he embraced the view that albite never occurs 
at all in crystalline rocks. Although this latter opinion 
is shared by few, yet all obserrers now agree that the 
felspar in diorite which was formerly taken for albite is 
usually oligoclase. Delesse again has recognised labra* 
dorite and anorthite as essential ingredients in many 
kinds of diorite. Thus the difference in the species 
of the felspar constitutes one class of varieties of the 
rock. The hornblende is mIso various : generally it is the 
ordinary hornblende ; sometimes, however, a variety more 
approaching to actinolite^ and Breithaupt lately disco- 
vered an entirely new species of hornblende as an essential 
ingredient in many greenstones of Servia^ Transylvania, 
and Hungary. It has a black colour and greenish-grey 
streaks. He named it gamsigradite after the name of the 
place where he first found it. 

iiut inasmuch as it is not easy, and in the fine-grained 
state of the rock impossible vnth certainty, to recognise 
the different species oi ielspar and hornblende, it does not 
appear to us desirable on their account to dignify these 
different varieties of diorite with the character ot iudi- 
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yidual locks^ although it is well to distinguish them where 
possible, since they are somewhat mineralogioally dif- 
ferent. The gamsigradite variety has been named by 
Breithaupt timrfcite, from one place where it occuiri. 
This timacite has also a ireoloirical importance, as it is 
found to liave broken tluMHiuh thr iAdar tertiary strata of 
Hungary and Transylvania, whereas the greater number 
of diorites are much more ancient. 

All these mineralogical differences are very trifling in 
a chemical point of view ; so that we may well consider 
them but as the result of somewhat unequal cooling of 
the same original mass. We do not mean that they 
should therefore be disregarded, on the contrary we 
consider that it would be an inquiry of the greatest 
geological interest to endeavcnir to trace their causes. 
Such an inquiry, to be successful, however, would demand 
a com])arison of many special and accurate observations of 
the rock t4iken irom various localities. 

The following minerals sometimes occur in diorite as 
accessories; mica (brown and black) pyrites, magnetic 
pyrites, magnetic iron-ore, titaniferous iron-ore* titanite, 
gamet^pistacite, and quartz. Some of these may be of 
secondary origin, e.g. the pyrites and the pistacite, which 
latter appears to have proceeded from the hornblende, and 
sometimes contributes to the green coh)ur of the rock. 

The line-grained varieties of syenite may be easily 
mistaken for diorite, the only essential diUbrence between 
the two beinff that orthoclase is a necessary iTioredient of 
syenite. The following characteristics may assist in dis- 
tinguishing the two rocks, although not always to be re- 
cognised in them, nor universally to be relied on. Diorite 
is more frequently fine<^rained than syenite, and gene* 
rally (owing to its hombknde) more green in colour. In 
diorite the felspar decomposes sooner than the horn- 
blende, and therefore on weathered surfaces the latter 
often protrudes prominently, whereas syenite weathers 
more evenly and falls into a kind of sandy grit. Diorite 
usually C(fntains more ])yrites than syenite, and the latter 
more frequently contains titanite or wcihlerite than the 
former. Their yariations of texture and their outward 
structure, as well as their place in nature, are usually 
somewhat different, as will appear from the short ac- 
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(e) Orbicitlab DioBiTEy or 
Napoleonitb. 

K T • r; E f , - "D I ( ) a I T. {Cerm.) 
Diorite ORBicuLAiRE. Jirong- 



count which we shall giye of each nnder their respectiye 

heads. 

As varieties of texture without regardin^r varieties of 
composition, the foilowiug kinds of diorite may be distin- 
guished : — 

Varieties in Texture^ 

(a) Gbanitlab Diobitb. \ The most normal yariety) e.g. at the 

KdRNioER DioiuT. (Germ.) \ Klimipseii mountauL near Ebera- 
DiomTKo.u>Troii>K. (/T.) ) ba€h, Jn OberUuflitz? 

(&) FiNE-GTJArNED Dtotitte. \ PapsinjT into compact (apbanite) 

FfiixKbRNioEa BIS DicHiER [ ] it'liiisclorf, DeftT Bischofswcrda. in 

Dioiurr. <<7erm.) I r^K^vK.., ^f-, 

DioniTK TTTHomK. (Fr.) J ^^"JenauMiz. 

(<?) PoRPHYKiTic DiORllE, or DloRlTii-| ^\[th rn^tals of ft lsparor 
Po rphyr y, I ninphilKiie, <roiu!i over into 

PoRPHntAMTOBRDiORrr. (Gerttu) ai)liauitic Domlivrv 

(d) Slaty Diohi tk, or Dioeitb-SIiAIB.] The slaty texture usually 
i>i»iuiT-j>cniEKKH. {Germ.) \ iinpci'fect, passing into 

DiomnScmnolDi. {Ft,) J aphanite slate. ^ 

The globular conformation is only 
a local appearance in diorite. It 

occurs very characteristically and 
beautifully near Sautina and Ajac- 
cio, in Corsica. The rock con?=i«ts, 
accordinfT to Delesse. of a combination of anorthite, blackish- 
green horoblende, aad nonie quartz, so that it is a distinct 
vaiiety in respect of its coiupositiou no less than its texture. 
The eonfltitnent mineiala form alternating concentiic layers 
round kernels. The kemela themselvee consist (almost exclu- 
sively ) either of the anorthite or hornblende Tnot of both), and 
they likewise exhihit a radiated texture. Tnus we find balls 
of from one to throe inches in diameter, whose section shews 
rings of alternate light and dark colour. 

At Schemnitz (St< pheii-^haft) orbicuhir timazite occurs, but 
the spherical masses are not in concentric layers. 
(f) AKYaDALOiDiuL DiOBiiB. I Only occurs rarely, and with 

UANOBurtBiKAimGBBDioiar. (fi^erm.)/ a mie-grained to compact 
matrix, which passes into the state of aphanite. 
.(^) Wackextttc Btoritb, or\ This decomposed discoloured, and 
Dioritk-wack/:. L somewhat earthy state can onlv be 

wiJS MoSSoui^^'T/i'.) ^ r^co^ised with certainty as belong- 
ing to diorite by tracing its transi- 
tion from distinct rocks. The foregoing diiterences of texture 
are however repeated in it. 

Varieties in Composition. 

(K) Ooiocox Diorite essentially consisting of oligoclase and horn- 
blende, the diorite of the Huhnberjre, in the Thuringian Forest, 
is somewhat diiferently composed, inasmuch as its felspar con- 
tains lithia, and very many small needlea of apatite occur 
disseuiiuated through the whole mass, iiiis rock, which is 
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soznelimes very coarae-gniBed^ lias hioken thiougli the Totblie- 
gende and becomes quite compact near the surfaces of contact 
(«) AwoBTHiTE-BiORiTE. 1 In which the oligoclase is partly or 

Anortitit-Dioiut. (Germ.) 1 wludlv replaced bv anortlvite. As for 
instancf' in tlie orbicular diorit© of Gorsicay which likewise 

contains >ome qnartz. 

(A;) TiMAZiTE (Trachitic Greenstone). ) Consists, according to 
TiMAzrp, Sremaupt. (Otmu) i Breithaupt, of a grey 

or greenish-grey felsitic base^ in which are imbedded crystals 
of white felspar (albite or nukroldine), black hornblende (gam- 
sigradite), some mica, magnetic iron-ore, and iron pyrites. The 
base, which is fine-giained to compact, corresponds most closely 
with labradorite. 

The cloavafjo-prism of p^nnisigradito shews an angle of 
124° 26', its hardness is 7, and spec. grav. is 1' ; it has a 
greenish-grey streak. Tlic mica forms hexafronal brown plates. 
The magnetic iron-ore forms very small grains or crystals, 
the iron pyrites very small cubes. 

According to an analj^sis br Br. Hube the timazite of Gam- 
sigrad, in Servia, contains about 50 per cent, of silica. We 
have already stated that this rock is frequently met with in 
Transylvania and ITun<rari% eppeoially in the mininp; districts, 
and that it has peii'^trntiMl through tlie Eocene sandstones. We 
have elsewhere descril)ed a r<x'k occurring in liorsabanya, in 
the Marniarus, in the north of Hungary, which we named 
labradorite-rock, because its prevailing baae consists of labra- 
dorite. According to Breithaimt this is essentially the same 
as timazite ; but we find from Dr. Rube's analyns that it con- 
tains above 63 per cent, of silica, and therefore it belongs to 
the acidic rocks. As, according to Delesse, the diorite of Font 
Jean, in the Vosges Mountains, also contsins labradorite, it is 
very possible that it is a timazite. 

(I) Calcareous Dtoktte. ) 1» ^^^^ ^'"i"^' ^^^^ by Senftto a dark- 
KA uc-Dio RTr, ^'ien/t. {Qerm,) f green, more or less distinct compound 
HfemiHBftNi. iFr,) f of hornblende, oligoclase and mica, 

penetrated withcalcspar, and which near Ruhla, in theXhiuin- 

gian Forest^ forms a stratum in mica-schist. 

The jointed structure of the diorites is usually irre- 
gular ; but sometimes columnar or globular. 

Diorite frequently occurs in subordinate masses, veins, 
or dykes in the schistose or slaty rocks of the Silurian or 
Devonian age, and (exceptionally) sometimes in much 
newer formations ; sometimes also in granite, gneiss, or 
mica-schist. 

Ajjjjeudix, 

The NoRTEB of Esmark (different from that of Scheerer^ very 
widely spread in Norway, appears only to be a variety of 

diorite containin)? quartz and nnca. 
The Ophiie of Palassou is, according to its description, a tolerably 
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compact diorite. The Mioa-Dioeiie of Delesse on the other 
hana ought rather to be claflsed with Syenite than here, on 
account of ha containSng orthoclaae. 
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Ann. dea Mines, 1859. vol. xvi. pp. lOO and 
1851, p. 149. 

BreUhtngst on Timasite, In the Berg- u. Hiittenm. Zeitg. 1861, 

p. 51. On the Diffusion of Timazite. 
Compare Cottars Gangstudien, vol. iv. pp. 28, 56, 65, and 85. 
Seiift on Calo-dioiite. In the Zeitschr. d. d. geoL Ges. 1858, 

p. 308. 

Esmark on Norite in the Magaz. for Naturvidenskabem, voL i. 
p. 207. 

Charpentter on Ophite, Constit. g^l. des Pyr^nto, 1823, p. 481. 
Di^renojf on Ophite, Ann. des Mmes, 1832 [3] vol. ii. p. 21. 
V* Math, The diorite of Neurode, in Silesia, consists of 66 



formed from augite according to G. JRose, Pogg. Ann. 1855, 

voL xcv. p. 555. 
Hertn. Voffelffesang, as to globular dioiite, Berggeist, 1862, 
Nos. 90 and 91. 

7. APH ANITE.— Trap in part, Melaphyre in part* 

Afhajtit. (Germ,) 
Aphafite, Hmit^. (Fr.) 

A compact, a-pjparently homogeneous mass ; usualh/ dark 
green to black; of about the hardness of felspar ; 
very toiu/h ; sometimes porpiu/ritic by reason of crys- 
tals of felspar, hornblende, or pyroxene ; also vesicular 
or amygdahidaL 

Specgrav 20— 2-9 

Contains silica . • • . 43 — 68 p. c. 

The separate ingredients of the principal mass of this 
rock are not to be recognised with the naked eye, hence 

the name of aphanite, given by IlaUy. Wehave already 
shown that transitions take j)lace into aphanite from 
diabase, gabbro, or diorite ; proving it to be but a com- 
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pact state of one or other of those rocks, bearing the same 
relation to them as basalt to Julerite; a view which is 
entirely confirmed by chemical analysis. 

The minuteness and intimate union of the individual 
constituent ingredients of aphanite when quite compact, 
no less than their general resemblance to each other, 
make it impossible with the ordinary aids to discover 
from the appearance of the rock whether it belongs to 
diabase, gabbro, or diorite. We can only draw conclu- 
sions in this respect from finding it in conjunction with 
one or other of those rocks. If, however, the ajjhanite 
be porphyritic, then the minerals porphyritically enclosed 
in the com|)act matrix may give a clue to the composition 
of the latter ; for instance, we frequently find labradorite, 
oligoclase, pyroxene, or hornblende thus porphyritically im- 
bedded in aphanite. It is dangerous, however, to rely too 
implicitly on conclusions so drawn, and on every account, 
therefore, in describing the yarieties of aphanite we refrain 
from the attempt to keep up distinctions corresponding 
to the three normal rocks of diabase, gabbro, and diorite. 

Possibly by careful microscopic observations we might 
succeed in determining the special mim nil t haracter of 
every aphanite. l^ut such observati<Mis are attendrd \vith 
considerable labour, and the appliances aie not always 
within reach ; on a journey they would be out of the 
question. We may, however, state that the microscopic 
observations which have been made of aphanite entirely 
confirm what we have already said respecting its nature, 
and show that even the accessory ingredients of the three 
normal rocks are represented in its composition. The 
greater number of aplianites appear to belong to the 
]>yroxenic greenstones, or we might rather say that these 
latter have more frequently assutned the compact >tate 
than the hornblendic varieties. Many varieties of texture 
and composition which are found in the three granular 
rocks are likewise repeated in the compact rock: 

Varieties in Texture* 

(a) Co3^3fo^' co^rPAcr Aphanite. 

Gemelser DicuTEH Dioiux. {Germ.) 
Arwumn imotBE. {Fr.) 

(6) Porphyritic Aphanitb or ) ^th orvstals of lai)radonte,oli- 
Apiiaxite-Porphyrt. I gocia^e, lioinbh'iide, anfrite, or 
PouphyrartiokrDioiut. I uralite. A( ( ordiii<:ly dis- 

ApaAsnxBPOBFHVBOlns. (iV.) ; tinguish kbradorittj-pori)ii^ ry, 
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oligoclase-porphyry, augit«-porphyry, or uralite-porphyry, of 
which we wm treat more at lam hereafter. 

Near Manehach, Herges, ana Tabarx, in the Thuringian 
Foieaty there occur apbanitic porphyries whose felspar crystals 

are not yet accurately determineeL 

^SlYt^ ^^7 indistinctly 

APMAxiT^HiiEFKn. {Qerm.) 1 slaty, or of thick deavagc. 

APHAjnTKaoHigiotpa. (iV.) ^ 

(d) Vbsicular Aphanite. ) Rather rare ; sometimes it wmild 

Blasioer Aphaxit. (Oerm,) Y appear t)uit the vesiculur cavitit r^ 

Aphanite VACUOLAIRK. (^Fr.) ) jj^^.^, i^^.^.j^ ^^^^^^ ^i^^^^, 

contents weathered out. AVe often find them empty at the 
weathere<.l teuiiacti, but still remaining tilled in the fresh in- 
terior of the rock. 
{e) Aktodaloidal Aphanite. \ The vesicular cayities are most 

Ai HAMT M.ELSTCrx. (Germ.)\ usually tilled with calcspar or 

APHAMrKAMvm.A,.nn>K. (Fr.)) zeolitic substance. 

(/) WactvENi lie Aphanite, or] Pisfoloured and earthv through 

Aphanite-WackI:. . dee()iii|>ogition, its petropraphic 

Aphaxit-Wacke. {Germ.) cliaract^T only to be determined 

WAnnAFHAionQm (Fr.) } by its surroundin-^s. 

As varieties of composition the following species may 
be distinguished in addition to the usual quite compact 
fonift: — 

Varieiiesin Composition. 

ig) Calcareous Arn anite. | In the compact and slaty mass arc 

found ffrains of calcspar or brown 
spar which are not fillinga up of 



KALKAFBAXIT, S('HAL8DEIN 

in puL (tfcrm.) 

Tcsiciilar cayities. 



The compact base con- 
tains concretions of 
prreenish or violet grey- 



ifi) Variolitic Attfaxttk, Vartoltte. 

VAKiouTHiflciiKE APHAj{iT,VAaiOLmi. {Germ.) 
Variolithe, JADHGLANmrLETX, Brongniart, tlk 
(le Beaumont, (/V.) 

ish colour, ^'itlier of stringrv, radiated, or concentric texture from 
the size of a grain of mustard-seed to that of a walnut, firmly 
grown in, and not very pharply deHnefl. They consist of a 
feisite (probably labradorite), but frecj^ucutl^- also contain some 
pistacite in concentric lasers. As accessories in the matrix of 
the rock we find iron pyrites and magnetic iron^Kne^ in its defto 
and cavities quartSi pistacite, calcspar, and chlorite. 

Delesse has narrowly investigated and described the vario- 
lites of the Durance, and he also mentions those of the Fichtel- 

febirge, and of Savoy, &c. f Ann. des Mines, 1850, vol. xvii. p. 
16.) Their sphericai concretions often exliibit a reddish, violet, 
or grey kernel, round that a lighter coiuiii t d rind, and round the 
latter* a green shell of a somewhat lighter colour than the 
enclosing matrix of the rock. Li the latteri with the aid of 
the microscojpe, he also discoTCred small laminaD of felspar, 
(f) LABRAi)ORTTE-PoRPHYRr(BiAOKPoEPHTBT). ] Tlie black matrix 
T.AHRADORPORPHTR. (Otrm.) ( incloscs crystals 

m^LATHYHE FELusBATBiqjnL (iT.) ^ of kbiadoiitb and 
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small particles of a dark green mineral not yet detennined ; spec, 
grav. 27 J content of silica 66-58 p. c. By aid of the magnifying 

♦rlass Strenpr found tho apparently compact matrix to be dis- 
tinctly cTvstalline, con^i-ting ot one mineral of dark-green in- 
clining to black, and auotiier of a lighter green colour. Probably 
they are the same as the minerals which also occur in a distinct 
form. The crj^stals of labradorite often shew a dark dull-green 
kernel, sunounded bj a light and shining maigin. The striae 
of twin crystallisation are continued equally through both. 
Sometimes the reverse is the case, tlie kernel is light and 
shining, and the margin dull and of a darker colour. As acces- 
sories, but rarely, anj only in Somali particles, brownish-black, 
mica plates, pyrites, and magnetic iron-ore. Near I']lbingerode 
at the Hartz, this rock penetrates Devonian slates and lime- 
stones. 

To this class belong the xocks^ deBcribed by Belesse, found 
by him at Belfaly and Temuay, in the Vosges ; these contain 

augite, and are imiygdaloidal in part. Also the roek described by 
Kjerulf as melaphyre from Bamekjem, near Christiania, as well 
as many other so-called melaphyrps and porfido-Torde-autico. 
Stren(/ in v. L. u. Br. Jahrb. 1800, p. 397. 
Delesse in .\nn. des Mines, 1847 [4] vol. xii. p. m 
Kjerulf J Christiania Silurbecken, 1855, p, 28. 

(X?) OLiGOCLASE-PoRPHrRY. ] Ts the name given by 0. TJose to a 
OuGOKLAfiPoiuMiYu. {Germ.) > diabasic or aphanitic rock in the Ural 
Mountains, which has a dark green compact or nearly compact 
matrix containing crystals of oligoclase. Much porfido-verde- 
antico is of this character j also the rock described by Delesse, 
as found bvhim at Lesdnesy in Belgium, containing some 

Svrites, and some copper pyrites (nnleas it belongs to mica- 
iorite) and several rocks finun the neighbourhood of Christiania 
described by Kjerulf. 

G. Rose, Reise nach dem Ural, vol. ii. p. 671 . 

BeJessc, Bnllptin de la See. g^ol. d, Jp>. 1849 [2] voL vi. p. 

380; ISoU [L^] vol. vii. p. .'^10. 
Kjerulf Christiania Silurbecken, 1855, p. 9. 

(6) AuGlTE-PoKPH^T^Y. \ (Often called Melajihvre.) A com- 

Auor rpoRP iiviu (oerw.) \ p^ct matrix, usuallv' dark green, 

MaLAPHYBB FYHoxiHiQu.. <#V.) J ^Q^taining crystals of augite ^ 

Fr. V. Richthofen reckons to this dSvision the most of the 
rocks of tiie Faasa region, which are usually designated aa 
melaphyrea* 

These contain crystals of augite and labradorite (or sometimea 
oligoclase), inclosed in a matrix resembling basalt. Titaniferoua 
iron-ore is also disseminated through the mass in small par- 
ticles. They are very variously developedj most ^e^ueutly w© 
Hud them vesicular and amygdaloidal. 

V. Bichthofen, Southern Tyrol, 1800, p. 128. 



(m) URATJTR-PoitniYKY. 

TjRAUTPORPUYU.Cr. Ro»e. {Germ.) 



Is the name given by G. Rose to 
rock containing crystals of uralite 
iu a compact dark^ probably diabaaic 
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matrix. This lualite has the form of augite^ and the substance 
of hornblende. 

G» JRose, Beiae uach dem Uial^ toL iL p. 370. 

The four last-named vaxieties may be indifterentiy 
termed aphanitic porphyries, or greenstone-porphyries; 
and they are sometimes classed together under the name 
of melaphyres. The timazites of Hui^ary likewise fre- 
quently have a compact aphanitic base» for instance, those 
in the neighbourhood of Schemnitz, in which single crys- 
tals or crystalline particles of hornblende (gamsigradite) 
or felspar may be clearly distinguished, 

Aphanite is usually of jointed structure, or very dis- 
tinctly cleft ; generally the blocks arc irregularly massive, 
sometimes, however, regularly columnar, or regularly or 
irregularly spherical. The aphanites occur in nature under 
the same circumstances as diabase, diorite, and gabbro ; 
and veiy often in their company. We have already sug- 
gested diat they should be regarded as mere modifications 
of those rocks, diflTering from them chiefly in the greater 
rapidity of their original cooling process. The Saxon 
Ol^erlausitz affords striking instances in illustration of this 
0|)inion. The e^ranite repon there is found to have been 
broken through by dionte, and accordingly numerous 
dome-shaped hills of the latter rock protrude from the 
surface; near to these the same eruptiye mass has pro- 
duced narrower djkes (from 5 to 20 fb. thick), wnose 
texture is fine-gnoned, nearly compact. Near Belmsdorf, 
not far from Bischofswerde, we observed a diorite dyke 
20 to 30 ft. thick, which in the centre was fine-grained, 
but almost conipact towards the walls of the cleft, w liere 
it must have cooled more quickly. The offshoots from the 
game vein into the granite, and the narrow parts of the 
principal vein of only two inches thick, consist of a com- 
pletely compact mass, which might easily be taken for 



texture are there manifestly the consequence of different 
de^ees of rapidity of cooling caused by the different 
volume or thidniess of the mass. 

On this subject see Erlauter. z. geog. Karte yon Sachaeo, 1939. 

No. 3, p. 24. Also on the subject of aphaDite^'— 
Ikle8$e in Ann* das Mines, vol* xvi. p. 350, 




These differences of 
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8. M£LAFHY£E.— Augite-Porphyrj in part. Trap in 

part* 

Melaphtb, (0«rm.) 
IkULAPHXB^ Mrongmmi, (JFV.) 

The rocki which we include under this name are dark-' 
coloured, greenish^ broumishy or black ; compact^ por* 

plij/ritic, vcsicidar, or amygdaloidal ; always free from 
quartz. They are compounds (intimately blended) of 
felsite, pyroxene^ hornblende, and mogiietic iron-ore. 

Spec. grav. . . • • , 2*6 — 3*1 
Containa silica . . • « • 54 — 62 p. c 

The name melaphyre has ceased to bear a distinct 
character, haying oeen successiTely used by different 
geologists, ever smce the time of Brongnlart, who first 
mtroduced it, for many and various igneous rocks haying 
nothing in common with each other, unless it be a pre- 
valent compact texture, dark colour, and absence of 
quartz. Hence the name conveys no definite idea, unless 
qualified by the name of a particular author, and that is 
not always sufficient without the name of the locally. 

There are man^ and various rocks of uniform dark 
colour, of a prevailing compact or amygdaloidal texture, 
close compounds of some kind of felspar with pyroxene, 
hornblende, and magnetic iron. We have already 
spoken of several such under the heads of basalt and 
aphanite. ^luch of what has been called melaphyre cer- 
tainly belongs to our basalts and greenstones. The rocks 
of which we shall treat under the name of porphyrite 
have often been called melaphyre, and if we take away- 
all that may be ascribed to basalt, greenstone, and por- 
phyrite, little will be left to which to apply the name of 
melaphyre. 

Under these circumstances the name can only be use- 
fully retained as a sort of provisional term for any basic 

ip^neous rocks of prevalent compact texture and dark 
colour, whose composition is not so definitely marked as 
to entitle them to be included under any other more 
distinct species ; much in the same way as we are often 
compelled to use the general name of ^eenstone for 
rocks whose mineral character is not sufficiently decided, 
or has not been sufficiently investigated, to enable us to 
class them as diorite, gabbro, or diabase. 
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In dealing thus, for our own part^ with the name of 
melaphyre, we here subjoin a quasi-historical account of 

the mode in which it has been used by different authors. 

We think the divergence of their readings will be a 
sufficient justification, if any be needed, for the way in 
which we propose that the term should in future be 
accepted* 

(a) Al Br^mgrnaHf tlie inventor of the name melAphyre, described it 

as ' Pate noire d'amphibole p^tronliceux enveloppant des 
eristaux de feldspath ; * what is here meant by 'amphibole p^tro- 

siliceiix * is Yer\' nncertain, the more so as at that time (1813) 
the differences between hornblende and pyroxene were not ao 
well established or known as they are at present. 

(6) i. von Buck first applied Brongniart's name of iiivlapliyre to 
certain black-coloured rocks of the Fassa Thai and the Seisser 
Alp (see ante, p. 162). He, however, alao called these roclcft 
hlack porphyriee or augitic porphyries, because they contained 
eryBtalB of augite, and their matrix was also black and rich in 
angite. He also included under the same designation manj 
rocks of the Hart z and TbiinnirioTi Forest, &c., whose compo- 
sition he presumed to be similar, and which he considered to be 
the orijrfnal cause of the upheaval of those mountains. To 
them he aJso ascribed the formation of dolomite in several 
localities. As the principal characteristics of this rock, he 
enumerated dark colour, great content of augite, and complete 
absence o£ quartz. See von I^eonhard's Taachenbuch. 1824^ 
voL iL lip. 289, 872, 4ii7, and 471. 

(e) Neumann says. on this subject, ^ The rocks which Al. Brong- 
niart has introduced unaer the somewhat singular name of 
melaph^re are for the most part identifal with those which 
Faujas de Saint Fond collected under the Swedish name of 
trap, and of which Wannholz, Steiniger and others have 
made use in the same sense. Wemer called them trap-por- 
phyries or trap-amysdalcnds; Zobel and t. Carnal, porphy* 
rite. Freiesleben called them pseudo-poiphyries ; v. Haumer^ 
hasaltite ; and in many French imtings they are also in part 
called spilifp. Trap and melaphrre are probably the most usual 
names at the present day ; for although the Swedish trap, ac- 
cording to Erdmann is a diabasic rock, whereas tlie rocks 
which bear the same name in the Faroe Islands and Iceland 
are basaltic formations, it neverthelegs appears to be most useful 
to retain (with L. von Buch) the name of melaphyre for the 
Toeks whidi we axe about to treat.' These ate toen described 
as compounds of labradorite, and (probably) augite in small or 
ioTisihie ajstals (therefore compact), but alone recognisable, 
and frequently in the form of FJcntt^rf d crystals, the rock ver}' 
much inclined to the amygdaloidal in texture. The}^ are 
further described as always containing' magnetic iron-ore, car- 
bonate of protoxide of iron, and carbonate of lime, in invisiblo 
pai tides, as well as some rubellan and mica. Their petio* 

M 2 
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grapbic difference firom tbe basalte, aecoiding^ to NaumamL b 
coimned to the want of oliyine, and to the cxrcumBtanee uiat 

the augite is not to be reco<rnised with certainty, Geognoeaei 
and in v. L. n. Br, JRlirb. 18(>0, p. 1. 
(a) Von Richthofen uttompted to put im end to thf* confusion 
which the name of melaphyre had gradually introduced by 
restoring the dehnition of lironguiart, and he believed that he 
had diacoTered the Identical rock in Tarioua placea ; for instance, 
at Schneidemiillersberg near Ilmenau, in the Schleuaenthal, in 
the Thuringian Forest, between LandshutandGlatz in Silesia, 
near Oberstein, and between BotzenandColmann in the TyroL 
He describes the rock thus : — 

Compact matrix, dark-green or brown to black. Fracture 
uneven, inclining to couchoidal ; lustre shining: ; Imrdness that 
of felspar or less; spec. grav. 2*7; contains crystals of felspar I 
(oligoclase or labradorite), other minerals only exceptionally to | 
be reovpuaed. In hb large work on the Tyrol he also reckons ; 
the rock of whi( b the summit of the Maj^la is formed to this 
compound of oligoclase and hornblende, with much oligocliiaei 
labradorite, augite, and hornblende, and partly of a fine-grained 
species ; it consists partly of an intimate* compoimd of oligoclase, 
and few crystals of augite. This latter vanety was termed by 
V. Klipstein molatt-porphyr. 

From the results of the chemical and microscopic analyses ■ 
of these rocks, firom the minerals which they contain in a dis- 
tinctly crystalline form, and from their specific gravity^ Ton 
Bichuiofen framed conclusions respecting the mineralogical : 
composition of the compact matrix, and pronounced it to con- 
sist essenfially of olig:ocla.se and hornblende, with subordinntn ' 
quantities of apatite, titaniferous iron, sometimes also some 
magnetic iron-ore, and chlorophaeite, or magnesia- mica. In it 
often labradorite crystals lie imbedded exceptionally, perhaps, 
also similar ones or augite, hornblende, epidote, or nuca, but 
never quartz or olivine. 

In vesicolar cavities there occur quartz and chalcedony, ca^• 
bonic spars and zeolites. (Vide Zeitschr. d. d. geol. Ges. 1856, 
P]). .589 iuad 598, which gives a very complete catalogue of the 
literature on this subject; Sitzungsb. d. Wiener Akad. d. 
Wissensch. 1857, vol. xx^ ii. p. 293 ; Eemarks upon the dis- 
tinctions between melaphvre and augite-porpbyrv, Vienna, 
1839, and Geogn. Beschreiliung t. Siid-Tyrol, 1860, jp. 141.) 
(e) E, Sochtinfff on the other hand, attempts to show that Bicht- 
hofen's definition of the matrix is unfounded j that accord- 
ing to the results of the analyses, it might just as well consist 
of Inbradontf- and nnp'ite, and that Brongninrt was not to be 
dept iided upon as to the determination of hDi nblende (Zeitschr. 
d. d. greol. Gres. 1^^57, p. 427). Sochting hiuiseU had formerly 
described the so-called melaphyres of the Thuiingian Forest as 
an iotimate c(miponnd of labradorite and augite in the Zeitachr. 
d. ges. Naturwissenschaften, 1854, p. 197. 

Girard starts with the principle that the geological character of | 
zocka is the principal thing to be detenolned, and that they 
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should always be classed and named accordingly, rather than 
^eeor^ng to iheb mineTalogicil or ehemiciil composition. He 
combats Ton Bichthofen's view in respect of melaphyre^ bat 
seems somewhat to have misunderstood his meaning. For 
Bichtholen merely sought to avoid the uncertainty into which 
the temi melapliyrp hnd fallen by keeping* as strictly as possible 
to Bronguiarts Ur>\ linition. and thereby excluding many 
rocks which had been culled nielaphyres. Girard, on the other 
handt seeka to show that many ot tnese excluded rocks reallj^ 
contain augite and no hornblende, a fact not disputed by 
Bichthofen, but one wbicb according to Mm did not entitle 
them to be called melaphvres. We may^ i)erhap8^ think yon 
Bichthofen's narrowing of the sense of melaphyre unpractical 
or inconsistent : unpractical because, being too much opposed 
to prevailing id'^as, it is little likely to be adopted : incon^isfpiit 
if taken in connection with the enlargement of the meaning of 
the term trachyte which he himself advocated. Nevertheless 
it does not follow that it is in itself inaccurate, even if we 
choose to acknowledge Girard's premised principle to be the 
light one. Girard himself eomdoers the melapnyre of Ilfeld 
to be a compound of a mineral containing felspar with augite, 
the augite forming only one-fifth or one-sixtn of the entire 
mass. Whether the prevailing ingredient be labradorite or 
oligoclase, he leaves niidetennined. Small black grains in the 
same mass, he takes for magnetic or titaniferous iron. He 
compares also some other melaphjre with that of Ilfeld. 
(v. L. u. lir. Jahrb. 1858, p. 173.) 
(g) Skenff distin^shes three kinds of rock in the neighbourhood of 
Ilfeld by lie names of melaphyre, porphyry-melaphyre, and 
melaph^e-amygdaloid. The first, wnich should belong to our 
porpnyrite, is a grey or brown-coloured rock with matiix re- 
sembhng hnmstone, and containing: pmall crystals of felspar 
not longer than the tenth part of an in(di, white or greenish 
with twin striae (labradorite or oligocla.se) associated some- 
times wnth crystals of an undetermined dark-green mineral 
giown into the felspar crystals ; the matrix likewise contains 
small reddislb-brown garnet grains, also a light-green mineral^ 
perhaps only the product of decompodtion and very small par- 
ticles of magnetic iron-ore. 

In the melaph} re of Strong the principal mass is of dull ap- 
pearance, and in its fresh sstate is bliie-black, distinctly crystal- 
line, of wavy lustre and friable— by weatlH^ving" it becomes 
greenish-grey or broAvn. It is probalbly a compound of felsite 
and augite or hornblende, or a yet undefined mineral of the 
nature of diallage and some magnetic iron-ore. In the matiix 
occur very small crystals of the same diallage-like mineral, also 
larger columns of the same mineral which exhibit a growth of 
twin crystals, crossing each other regularly at an angle of 60^, 
and distinct small plates of rubellan. In a second essay Streng 
dv "icribed the diallage-like mineral as a echillerspar which con- 
tains alumina. 

The melaphjre-amygdaloid of Streng consists of a homo- 
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geneouB brown matrix, of the hai'dness of 5 0, and coDtains 
email lUDjgdaloIdal emUm filled -with glauoonit^ ehaloedon j, 
and carbonate of linoe. 

The specific gravity of these varieties fluctuates between 2*6 
and 2*7. Their content of silica, taking the mean of a eon i ler- 

able mimher of analysef?, is for the melaphyre-porphyrv 0 1 -i, for 
the melaphvre and nielaphyre-anivfidaloid 54 "4. They form 
together a plateau of considerable size between the lower and 
upper Rothliegende districts (Zeit&chr. d. d. ^^eol. Ges. 1858, 
p. 99, and 1859, p. 78). Upon the position and bedding of these 
rocks see Biintsch in AbhandL d. natuxf. Qea, zu fialle^ 1858* 
(A) G, Ittm defined ^e Ilfeld melaphyre as follows : — a fine-grained 
almost compact mass of black or brown colour, sometimes con- 
taining small acicular crystals^ or greenish-white crystals^ 
(likewise small). The texture is often vesicular or am^'gda- 
loidal. Acrordinpr to the known analyses, botli niicrnacopic and 
chemical, tlie matrix most probably consists of an intimately 
blended crystalline compound of oligoclase, with augite or 
hornblende, magnetic iron-ore, and some apatite ; the fine 
acicular crystals aroear to be augite transformed into schil* 
lerspar ; the greenisn white crystals Rose could not determine. 
In local varieties also small crvstals of mica occur and ixregu- 
larl^ shaped gr^ns of some other mineral. 

The vesicular cavities, often very regidarly shaped (for in- 
stance pearshnptHl j, contain concentric layers of chalcedony and 
quartz as well a.s calcspar. 

The following are varieties more especially distiuguiidied by 
Bose. 

Black melaphyre, from the Raben Elippen, at the Harts. — A 
compact compound in which transparent prismatic crystals ate 
prevalent; between them lie larger white crystals^ very small 

grains of mapjietic iron-ore. 

Black melaphyre from \Vierrersdorfr. — Matrix under the mi- 
croscope less aistinct than the last-named ^ in it lie diallage-like 
crystals of aun^ite. 

Ived melaph} ie irom Wiegersdorff. — Matrix under the nii- 
cnroecope less distinct than the last-named; in it lie diallage- 
like crystals of augite. 

Red melaphyre from the BirkenhofF. — ^The matrix reddish- 
brown, and containing green acicular crystals of augite. 

Rose considers these melaph^Tes to resemble chiefly those of 
Lowenbf r<j. Ltibn, and Landshut in Silesia. (Zeitechx. d. d« 
geol. Oe.-ell.^ch. 1859, p. 280.) 
(t) The Oberstein Amygdaloid. Tiii» rock, celebrated for its 
beautiful agates, is considered by many geolopfists to belong to 
the melaphyres; thus (e.g.) : Toa Decnen, Duficenoy, £lie de 
Beaumont, and Naumann. Its principal mass, usually brown or 
greenish, no doubt consists chiefly of felsite, and often contains 
small crystals of felspar, and amygdaloidal cavities filled with 
a^ate and other minernl«i ; accordingly we should term Ibe rock 
a porphyrito. l)t b sse was the first to give a carefnl aiialysig 
of it. Its spec. grav. ia 2-68. Chemically it contains oi'i4 
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slUea, 29*73 alumina and peroxide of iron, 4*78 of lime, 40*7S 
magneoa and alkali, 8*68 water and carbonic acid. From these 
data, as well as its mineralogical cfaaracteristicsy Delesse oon«- 
cludes tluit the principa. mass essentially confdats of hibra- 
dorite ; in fact, there frequently occur in it a great number of 
small labradorite crv^stnln, white and translucent : ita frequent 
green colour appears to be owing to an admixture of chlorite. 
Sometimes some au^te is observable^ also small flakes of 
brown mica. Magnetic iron-ore in very finely diyided particles 
appean to be miiformly dispersed through tne whole mass. 

In the numerous amygdaloidal cavities, whose diameters 
vary from one-tenth of an inch to a foot, Delesse found agate, 
opal, quartz, chlorite, calcspar, different kinds of aeoUtCy hj* 
drated oxides of iron and mang-anese. 

The amygdaloid of Obersteiu possesses compact fine-grained 
and porphyritic vaiieties, and occui-s in the coal formation of 
that district, sometimes forming dykes and masses of consider 
able dse, sometimes parallel seams. It appears to have been 
thrust up about the time when the deposit of the rothliegende 
began. Perhaps its character is the same as that of the rock, 

previously described under the ;iame of tholelte. (See antCt 

p. 138.) 

(Delesse in Ann. des Mines, [4] vol. xvi. p. 511 ; Steininger, 
Geogn. Beschreib. d. Landes. zu Saar. u. Khein, 1840, p. 110.) 
(k) Senfi designates as melaphyres almost all daric qnartsless igneous 
rocks of tiie Thuringisn Forest ; according to nim, they connst 
principally of a compact mass of labiadorite^ combined with 
magnetic titaniferous iron-ore^ calcspaTi iionspar^ and iron- 
chlorite (delefl^itc^). Tie distinpiishef^ f^everal varieties, viz. : 
in the first place, those resembling greenstones from those 
resembling basalt or felsite -porphyry, then according to their 
texture; (1) granular like dolerite,* near Schmiedelleld j (2) 

Sorphyritic (melaporphyry), which he subdivides into labra- 
onte- snd melaphyre- (trap-porphyry), micar-porphyry and 
iron-chlorite (delessite) por]jhyry ; ^3) melaphyre-amygdfdoidSy 
and (4) compniet or fine-grained melaphyres. Surely uiese are 
rocks of very various character. 

(Bericht der Katurforacherversammlung zu Wien, 1858. 
p. 144.) 

As regards the so-called spilites of the Western Alps, which 
are also considered to belong to the melaphyre, compare^ 

Gfuej^mard, in the Ann. des Mines, 1850, [4] voL xyiiL p. 54^ 
with 

Delem, ibid. 1867, [6] vol. xii. p. 467. 

T!. F,. ScJimid on Melaphyre of Mombiichler Hofen, between 
Baumholde and (rrumbach in Bheinpfalz, in Pogg. Ann. Id6«^ 
vol. cxix. p. li^8. 

Madelung, Melaphyre des Riesengebirges, Neuea Jahrb. t 
Miner. 1866, p.-344. 
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P0BPHTRITE8. 

As tlie rocks wlilcli come under this licad arc all inti- 
mately connected with each other hy transition states, 
and they likewise all assume the same geological position, 
we shall characterise them as the varieties only of one 
species, describing them, nevertheless, indiyiduaUj* 

9. PORPHYlilTE. — Felspar-Porphyry, Quartzless 
Porphyries, Mica-Porphyry or Hornblende-Porphyry* 

PoRPHTBiT, (r.J&we. (Germ.) 
PoBPHTRim (JV*.) 

Contains in a felsitic matrix {usually of dark colour^ 

individual crystals of felspar y mica, or hornblende. 
The matrix is sometimes also vesicular or amygda.^ 
loidaL 

Spec. gTav 2-6— 2-7 

Goatains silica 69 — 61 p. c. 

The term porphyry ^ witliout addition or qualification, 
denotes, par excellence, quartz^orphyryy a rock mth 
quartz-felsitic base and crystals of felspar and quartz 
(see p. 214 post, where it is more particularly de- 
scribed), ^aumann, therefore, proposed (in his treatise 
on Ilfeld) to collect all the quartzless porphyries with 
prevailing felsitic base under the common name of POR- 
PHYBiTB, which had already been applied to some of 
them. This nomenclature has now been pretty generally 
accepted. It appears to us certainly better than Bose's 
proposal to designate a part of these quartzless rocks 
syenitic porphyry (see also post, p. 210, where Rose's 
divisions are further explained). Many varieties of por- 
phyrite stand on the very margin bet\M cu tlie basic and 
acidic rocks (their silica ranging from 49 to 61 per cent.), 
but the greater part arc basic. Quartz only occurs very 
exceptionally in their composition. 

These rocks, by reason of their prevailing dark colour 
and their deficiency in quartz, were formerly frequently 
classed as melaphyres. We have already expressed 
the opinion that most of the so-called melaphyres are 
either basalts, greenstones, or porphyrites, so that there 
is scarcely anything left to which to aj)j)ly the iiaiiie of 
melaphyre distinctively. But as it is often very difficult 
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to determine whether a rock is properly a basalt, a green- 
stone^ or a porphyrite, the name of melaphyre for such 
doubtful rocks may prove convcniciit and useful. It might 
have been more correct to give up the name of porphyrite 
and use that of melaphyre in its stead, both because the 
name of porphyrite refers to a texture which is not an es- 
sential feature of these rocks, and because the porphyrites 
are not always in fact porphyritic. Such an innoyation, 
which Senft seems really to have intended, was, however, 
open to the serious objection that the name of melaphyre 
had already been so much abused as to make it liopeless to 
attempt now to clothe it with a definite meaning, althougli 
it may ]^erhaps be usefully retained for rocks of indehuite 
character. 

The porphyrites may be divided into distinguishable 
varieties, according to their different composition. They 
may be best classed according to the distinct minerals 
which occur in them porphyritically* Thus we shall dis- 
tinguish Porphyrite (proper), wim crystals of felspar ; 
Homhlende-porphyrite^ with crystals of felspar and horn- 
blende I and Mica-porj)hi/ritey with crystals of felspai" and 
mica. 

The porphyrites are usually severed by joints into irre- 
gular masses, or very deeply cleft by fissures ; they are 
more rarely jointed in columnar or tal3ular form. 

In Germany they are not met with of much more re- 
cent origin than the Kothliegende ; this formation is, how- 
ever, sometimes found pierced by them, and the two are 
very often contemporaneous. In Southern Tyrol much 
more recent porphyrites would appear to occur. 

The porphyrites never occupy connected fields of great 
extent, and in general they are far less widely spread than 
the quartz-porphyries. 

(A) POBPHTBITB (FELSPAB-PoBPSTBT). 

PoKrnYRiT. (Germ.) 

PoRPiiiUIIE. (i*V.) 

A. feUitia principal 7nass^ imtaUy dark-brmmi^ containing crystals 
of felspar J oliffoclase, or somkimea orthoclase, and occasioned 
otner minerals* 

Spec grav 2-0— 2-7 

Content of silirn at Ilf(»ld on the average \ 61*3 P C 
(therefore ver^' high), • , .J ' 



Digitized by Google 



BASIC IGNEOUS HOCKS. (2) PLDTONia 



The colour of the matrix varies sometimes into grey^ red, 
violet^ or blue^ and besides the crystals of felspar^ it containa as 
aoeesBOiy ingredients an admixture of gamety tiianitei mag^ 

netic iron-ore, specular iron, and pyrites, &c. This porphyrite 
is extensively developed in the South of Norway, where 
L. von Biich Inis in part named it ' Rhonibenporphyr,* on 
account of the rhombic section of its fel'^par crystals. At 
Klfilalen, in Sweden, it is manufactured into suiall ornaments. 
It is also very prevalent in the Lenne-Gebiet in Westphalia, 
and on the southern border of the Hartz Mountains. As the 
rock of the last-named locality has been xecentlj Tery ac» 
curately descsribedy we subjoin a short abstract of those de- 
scriptions. 

Porphjrrite (Strong's melaphyre-porphyry, p. 165), found at 
Ilfeld, near the TIartz Mountains, contains in a dark -brown or 
grey felsitic matrix, crystals of felspar, also a dark-green mineral, 
a bght-green mineral, red garnet, and small scales of mica- 
ceous iron. The matrix, according to Streng, consists chiefly 
of orthodase, which Hose, however^ doubts. 

Bose made a microscopic analysis of this rock. The lliin 
polished plates showed a transparent matrix marked with black 
•pote and streaka, and filled with blMk grains of irregular 
shnpe. Aecording to Streng, the felspar crj^stals as well as the 
grams consist of labrndnrite. Baentsch and Girard hold the 
dark-green mineral for augite ; Hose, on the other liand, con- 
fdders it to be a product of decomposition of hornblende. Ac- 
cording to Streng, black and shining grains of titaniferous iron- 
ore may be recognised In the weathend state of the rock. At 
Ilfeld no vesicular or amygdaloidalyarieties of this rock appear 
to occur, unless we regard those amygdaloids as such which 
have been deacnbed as melaphyre — a view which Streng and 
Kaumann disapprove. 

This rock is often of columnar jointed stnictiin'; it forms an 
extensive plateau in the rejiion of the Rothiiegeode, where it 
also probaoly ramifies downwards in the form of veins. 

Many other porphyrites bear a close resemblance to the 
Ilfeld rock ; for instance : the porphyrite of Korgon in the 
Altai Mountains, which contains ^yish-white laminss of 
oligoelase and sj^cular-iron in a readish-brown niatrix ; the 
porphyry of Hamersreuth in the Eichtelgebirge, which has 
reddi'm-white crystals of olirrocla^e, ond very little specular 
iron m a reddish-brown matrix ; the porphyrite of the Pentland 
Hills, near Edinburgh, with crystals of oligoelase, and specular- 
iron sparkling in a brownish-red matrix ; the porphyrite of 
Segenriicken, near Hohenelbe, with crystals of oligoelase, is 
a dark-coloured matrix, and tiie porphyrite of Rovigo, near 
Lugano, also with oligoelase crystalB in a dark matrix. The 
amygdaloids of Obersliein, which we hare previously described 
on Delesse's authority, probably also may belong to this class. 

Von Ilichthofen describes certain porphjrritic rocks of Mu- 
latto and Cavalessi, in Southern Tyrol, which contain tabular 
crystals of felspar in a compact^ and for the most part reddisii 
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matrix, or which sometimes cooast of a fine-grained maM 
withoat ciyatala; others contain liebeneiite in the forms of 
nepheline or orthoclase (paendomorphous) ; these last-named 
rocks form naiiow Teinsy penetrating all the other rocka of that 
district* 

Varieties in Texiure. 

(€Q FosPETBmc. 

1 6l COKPACT. 

(c) AXTGDAIdOIDAL PORPHTBTCB OT AltTODALOID. 

(<0 PoRpnYRiTK-WACKf:. I Somewhat decomposed. AtMi^ 

AnaujopuYKK, Bronfftiiart. {/'r.) ' rimbf^rir in Sf^xonv, thoSS Tsins 
of wack^ in the gneiss rock are called ^ jbLaidigaQge. 

Mefermees, 

Streng, Zeitschr. d. d. geol. Ges. 1868, p. 106; 18G1, p. 87. 

G. Rose, ibid. 1869, p. 296. 

Nanmmm in L. u. JBr. Jahrb. 1860| p. 24* 

Oirard, ibid. 1858, p. 146. 

Baentschj Die Melaphjre des Ilarzes, 1868. 

Von Richthofcjij Oeocpi. Beschr. y. Sud-Tyrol, 1800, p. 149. 

KJei'uify Christiania JSiliirbecken, p. 20. Tlio rbombpn- 

porphyr of the Vetta Collen (Kjerulf's hk laphvr) contaius 
iargo cn'stals of labrftdorit<? in a felsitic matrix^ which ac- 
cording to liiiu ako contains augite. 

(B) II< > H I. K \ I) K-rORPTTYRTTE. 

HOK.N HLENUKPOHl'H YKIT. (Oerm.) 
PORPHYRE SY^NlTIQUli. (i*V.) 

In a con^tad fMUc matrix^ usually of dark colow, are ccn^ 
tnined erydaU or erydaUm» parttdet of hornblende and fd^par 
(pliffodaee). 

Spec. ftw. 2*6—2*7 

Contains silica (at Potsehappel, near Dresden) 60 p. e. 

The matrix of tLia ror"k usually much preponderated over 
the porphyritic ciystalline parts, and is in its fresh state usually 
brown, violet-brown, or grey \ beocmies lighter in weathering. 

The hornblende forms small columnar or adctdiur erystus, 
which become yerj distinct when the matrix is somewhat 
weathered or discolomjed. The crystals or grains of felspar 
((ilifroclase ?) are often very intimfitolv blended with the matrix, 
and their species is therefore dilHcuit to detfTinine. At Wils- 
druff, in Saxony, and in some other Ix jilitif s, some dark- 
coloured mica occurs, together with the iiunibknde, forming- 
transitions into mica-porpnyrite. The rock contains no ouartz. 
The matrix is sometimes yesicular or amygdaloidsl XMdey 
describes a blue porphyry (probably belonging to this dass), 
and occurring at Onaux, near Trejus, where it passes through 
the Variegated Sandstone. He states that it contains crystals 
of hornblende and albite* 
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This xock is not known to lie very exteiuiTely developed 
anywhere. In the Plauenschen-Grunay near Dresden, it occurs 
in the neighbourhood of syenite ; it may possibly represent a 
more compact state of that rock. It is older in that place than 
the coal formation, and even the lower strata of thnt formntion 
contain fraji^nients of it; its jointiii'rs show smooth suri'aces. 
The mn.sses are irregular, approaching somewhat to the colum- 
nar fonu. 

To this rock lielong many antique porphyries, particularly 
ihA potrfido^roaKHtniico, which contains white felspar and blade 
aoicular dystids of hornblende, and usually some micaceons 
iron in a red matrix. 

A rock occiirrin«^ at the Hutberp^, near Weisig, to the east 
of Dresden (called by Jenzsch ' aiiiytrdalophyre *), Beems to 
belong here, as it contains some li' >niblonde ; in any cjuse it 
belongs to the porphyrite grou^. it ia uiteu amygdaloidal, 
and contains in its yencular cayities homstone, chloraphseitey 
chalcedony, quarts, pyrites, and sometimes felspar^ resembling 
petalite, which Jenuch has called wm^ite. 

Varieties of Texture. 

(a) PoBPHTBmo. 

bj Compact. 
c) Amygdaloidal. 
(d) Waokbitiiio. 

« 

Mrfermoet, 

Delesse on the antique red porphyries, Bullet* g^L 1850, 

p. 532 ; also, in y. L. u. Br. Jahrbuch, 1851, p. 422. 
Jenzsch in y. L. u. Br. Jahrb. 1858, p. 386, and in 1854, p. 406. 
Kfnffnrrvny Erlauter. zur geogn. Karte y. Sachsen, 1845, No. 5, 

p. 202. 

Ihday, Ann. des Mines, ^ 2, p. 193, yon L. u. Br. Jahrb. 1S55, 
p. 784. 

(C.) MlCA-PORPHTRITE Or MICACEOUS POBPHYBT. 

Gltmmekporphyrit. (Germ,) 
PoapnYEE MiCAC^. (I'h) 

A contact fehitus matrix^ usmlly of dark eohur, containing 
cryddU or erydaUme pamcles of rmea and felspar. 

Spec. gray. . . • . . 2*6 — 2-8 
Guuiains silica at Meissen* . . 69 p. c. 

The felsitic matrix when jfresh is of a brown or yiolet-brown 
colour, but is lighter when weathered. It incloses distinct 

lamime of mica of dark colour, and often of hexagonal form; 
also grains or crystals of felspar, sometimes frequently, some* 
times sparingly disseminated. 

The felspar appears to be partly oligocla-se, partly orthocla.se; 
it m while, ^^reeui^ih, or reddish 3 sometimes only in liiiii 
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laminie. Oocaaionally hornblende or quartz occurs, developed 
in distinct cn;'stals ; and thus a transition arises into horn- 
blende-porpbyrite, or granite-porpbyrT. 

Vesicular and amygdaloidal textures sometimes occur, in 
which case there are usually fewer crystals pc^rpbyritically 
imbedded. The anijgdaloidal cavities coutaiii ^reuu-earth, 
calcspar, and siliceous mineral& 

Mica-porph^-rite abounds in the Thuringian Foi^st, where it 
is iiBuallj of irregular massive stmcture, with perhaps a ten- 
dency to coliminar jointinff. When it occurs with quartz-por- 
phyry in til at locality, it is older than it, and older too than 
the Rotlilief^»'nde,the conglomerates of which formation contain 
many frji«,^ments of mica-porphyrite. Near Meissen a very cha- 
' racteristic mica-porphyrite is found penetrutmg the syenite- 

irranite, as well as the granite dykes contained in that rock. 
The veins of the porphyrite aie usually compact without 
crystals towards their oufevrard edges, or throughout the vein, 
where the ramifications are xuffirow. At Zwickau, in Saxony^ 
amjgdaloidal vazieties occur in conjunction with the compact. 

Varieties in Texture* 

(rf) POS^HTBIXIfl. 

(b) Compact. 

(c) AMYGDALOm 

(d) Wack£. 

Vide Cotta in v. L. u. Br. Jahrbudii 1845, p. 75. 

mCA-X&AP BOCKS. 

The name mica-trap originated ^^4tli Xaumann, vvlio 
first proposed it for certain rocks of tlie Erzgebirge, being 
compounds of mica and felspar, but himself afterwards 
(in his ' Geognosie ') preferred the French name of mi- 
nette for the same rocks, which, no doubt is their older 
designation. Under these circumstances, it may be ad- 
missible to transfer the name of mica-trap to an entire 
group of similar rocks, whose common attributes are: 
uiat they consist principally of compounds of mica and 
felspar, without marked porphyritie texture ; and that thejf 
contain no quartz, unless quite exceptionally. 

We count in this group the folio \^ incr rocks (although 
it is uncertain if they are all of igneous origin), viz. 
Minette, Faidronite, Kersanton, and Kersantite. Until 
that question is determined in the negative, they may be 
so classed on account of their petrographic affinity ; and 
for the same reason they will be most conveniently treated 
as yarieties of the same rock. 
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10, MICA-TRAP, 

Gltmmf.rtrapp. (Germ,) 
Trapp MrcAcft. (Fr.) 

A compound of felspar and mica. 

Spec. grav. , ♦ , ♦ . 2 5 — 2*9 
Contains oilica • • « • 60 — ti6 p. c. 

Varieties. 

(A) MINETTE, 

MiNSTlB. (Germ*) 
MmrxB. {Fr,^ 

A fekiUo matrix etmknmng miteh mica md MtmuHmes didtnd 
myttaU oforihodaBe or SorMende ; ffrey cohur predonwiatn. 

Spec. i^T&Y, • . • • • 2'5— 3^ 
Contauu liliea • . . • 60—65 p. <% 

The blackish-brown mafrnesiaii mica sometimes predominates 
80 completely as to be alone di.stinctly visible. As accessorieH, 
there occur hornblende^ and Bome times chlorite and magnetic 
iron-ore. Galcspar snu flpurf iron m prolmbly oiuy of 
fleoondary origin, and quartz is probably nerer present. It u 
sometimes dimciilt to oistiDgiusn nimette frcxm mica-poipbyiy 
or from kersantite. 

It is found in con^nderable extent near Framont, in the Vosges 
Monntnins, where it first received its name from the miners, a 
name which Voltz first introduced into science. Near Oederan, 
in Saxony, it forms subordinate masses in the Red Gneiss, aud 
not far from Dippoldiswalde, in Saxony, it penetrates the grey 
gneiss of the 'Weissritstbsl in distinct veins. 

MefermoeB. 
VoUZf Gdo^osie de TAlsace, p. 55. 

JVimm^;i^ f^lauter. snr geogn. Karte t. Sachsen. 1838. No. 2. 

p. 90. 

Cottain v. T.. u. Br. Jahrb. 185.'}, p. oOl. 

Delesfte m tlie Ann. des Mines, [5] vol. x. p. 317, and Compt. 

rend. l(So7, vol. xliv. p. 766. Ausz. in v. L.u. Br. Jahrb. 1858, 

p. 848, and 1860, p. 724. 
O, laonhardf on Minette in the Odenwald Verhandl. d. nat. 

med. Vereins su Hddelbeig, yoL ii. p. 7, and t. L. u. Br. 

Jahrb. 1861, p. 495. 
11. Midler Neues Jahrb. f. Min. 1865, p. 1. 
H. Panh/, Neues Jahrb. f. Min. 180.% pp. 257, 418. 
Th. Ehnty, Minette im Mozran. Neues Jahrb. f. Min. 1863, 

p. 478, 1865, p. 746, 

(B) FRAIDEONITE. 

Fratdrontt. (Gemi.) 
Fbaidkonite, K Dumas, (Fr.) 

1 
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A gremtM fMUe prmmpdl num combmed wUh a grmier or len 
qwmtUy of mka, Iran pyritw wid quaiiit oeem' ob oeetBtoriM, 

This composition so evidentlj resembles that of minette that 
it mlgiit weU lid coQddeied as only » yaiiel^ of tbat mk. 
Ijaiiy noweveri adheies to the name of fnddronite, which had 
Veen already giyen by Dumas, and &om the analyses which he 
made, pronounces it to contain a considerable admixture of 
clilorite, which he considered as the cause of its greenish colour, 
lie also found carbonate of iron and lime, which he considered 
as areesHon,*. Delicate wms of calcspar often pervade the 
whole niiiort of the rock. ( )n weathering it crumbles into balls 
or a kind of grit. In the department of Lozere and in the 
CoTeonea it fonne dykes and Tema in talc-achiat^ mica-achiat^ 
gnelas, and granite. Zan in the Ann. des MineBi [6J toL tL 
p. 412; T.L. u. Br. Jahrh. 186% p. 009. 

(C) KEBSANTON. 

Kersawton. (Germ.) 
KeiusANXon. (Fr.) 

Jn a ^eeimh-(jrcy fekpathic matrix are contained hexagonal 
tabiUar crystals of mica, broicn to black. Less frequeidly Uie 
wuanx M ^ramOar, and eontami cryOah of felspar. 

Contains silica about 53 p. c. 

Tn the matrix, felspar usually predominates, which is not 
ortbucla.se, but most likely oligoclase. The distinct erystab 
of felspar are generally oligoclase. The mica is ma^ueaiau 
mica, which is not only an ingredient in the matrix, but some- 
iimee forms a coating round small ^lobular grains (amygda- 
loids) of calcspar or quartz. Marcasite and magnetic iron-ore 
occur as accessories. Delicate Yoins of cakqiar often run 
through the whole rock. 

The name of kersanton was first given by Riviere. The 
rock is evidently closely allied to the micarporphyiite, minette, 
and kersantite. 

it aboimda in the district of Brest, and Quimper in Brittany, 
where it is applied to building purpoaea. 

Mcferoices. 

Bimkrcy intheBullet.de laSoc. g^ol. deFr.,1844, [2] vol. i. p. 528. 
Dftfrenot, Kxpl. dp la Carte freoLde la France, 1844,¥oLL p,198. 
DelessCf Ann, dea Mines^ 1851, voL xiiL, p. 175. 

(D) EEBSANTITE. * 

KsBSAHTiT. (Oirm.) 
SntSAKTiTB (QLiWiCLAsnx). (Fr») 

A fibrous or porphyritic compound of ot^fodoie and meaffre^ 
qnaUfy eantaming some horMende and quarts^ 

Contains silica, about 04 p. c. 

Olip'oclase generally pr^f^ dominates in the compact or fine- 
grained matrix of the rock, which sometimes is entirely com- 
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posed of that fipedes <^felspary sometimes of oligoclase and mica. 
In this mass are enclosed crystals of oligoclasp with brown 
stripings, and of white or greenish colour, or tinged with red 
by aecomposition ; dark laminae of magnesia-mica, some small 
grains of quartz, and fre(]^uently some tibrous hornblende, espe- 
cially in the nazrower vems formed by this rock, and, dispersed 
through the whole lodt, veiy minute particles of magnetic 
iron-ore. 

Caiii^ also found some red garnet comlnned with horn- 
blende in places where the latter was more prevalent and the 
rock somewhat fij^sile. At Viesemhach, in the Vosges Motm- 
tiiin.s, wliere the rock is hroken tlircjugh hy metaniferuus veins, 
it contains magnetic iron pyrites and common pyrites. It is 
amy'^daloidal. In some places the amygdaloidal caWties are 
filled with quartz, chlorite, e^idote, and calcspar. 

The porphyritic varieties ot this rock (whicn owes its name 
to Delesse) are evidently closely allied to the porphyritesy or 
perhaps also to granite-porphyry ; in other respects it very 
nearly cowsponds with kersanton, from which it in, perhaps, 
only to he distinguished hy its containing iiornblende, and also 
more quaxtz than that rock, and by its texture being sometimes 
fissile. 

Near Viesemhach and Sainte Bforie, in the Voeges, this xock 
forms subordinate masses and veins in gneiss. The rems are 
often quite compact at their borders. Foumet observed a 
similar rock in the granite near IVancheville in Biittany. 

J)ele8se, in the Ann. des Mines, 1851, vol. six. p. 165. 

8TENITE GBOUP. 

It has been a frequent practice to include under the 
name of syenite all granites containing hornblende. But 
as the genuine sjenites contain little or no quartz, we 
consider it more accurate to exclude the first-named rocks 
from the syenite group, and range them under the head 
of granites (syenite-granites), confining the term syenite 
to those Toek& which consist essentially of orthoclase or 
microcline and hornblende, such as the rock of the 
Plauenschen-Grund, near Dresden. Nevertheless there 
is no precise boundary to be drawn between these and 
the syenite-granites. As accessories, some mica and even 
quartz may occur in syenite, but they are not essential 
ingredients. This narrowing of the meaning of the 
term syenite appears to us the more justifiable, as these 
genuine quartdess rocks only contain 50-60 per cent» of 
silica, and therefore can be included in the basic group ; 
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whereas those contaiuing quartz liave 60 — 70 per cent, of 
silica, and so belong to the acidic (j^roiip. It so liappens 
that the derivation of the name presents no obstacle to 
our definition^ since it is well kno>vn to have originated 
in the erroneous belief that the antique stones which first 
received the name of syenite came from Syene in Egypt, 
which was not the case. Boziire therefore proposed to 
alter the name to Sinaite, from Mount Sinai, where 
genuine syenite is found, whereas at Syene only granite 
occurs. Werner, who first introduced the name into 
scientific pctroirraphy, a})plied it to the qunrtzless rocks 
of the IHauenschen-Grund ; although af terwarda, in his 
' Klassification der Gebirgsarten ' (1787), he called the 
same rock a greenstone. 

In the syenite group we also include miascite, zircon- 
syenite, and foyaite, as being closely allied to the genuine 
syenite. 

11. SYE-NITE. 

Syenit, Werner. (Germ,) 

A etystaUine granular compound of ortkocJase or micro* 
dine and hornblende^ and UMUoUy some Utanite. 

Spec. grav. 2*7 — 2*9. 

Content of silica in the lock of the Plauenscheu-Grund, 
near Dresden, 65 — 60. 

The orthoclase or microcline is usually the principal 
ingredient, and being in general red, it gives that colour 
to the whole rock, ^epened into a brownish-red by the 

hornblende. There are, however, syenites whose orthoclase 
is nearly white, and others containing an admixture of 
olicroclaso. The andesine, which Delesse considered he 
had iuund in some syenites of the Yosp^es, is held by 
Hose to be a decomposed oiigoclase. An indistinct fissile 
texture is sometimes occasioned by the parallel disposition 
of the felspar crystals (sometimes twins), and a porphyritic 
texture by the prominence of separate and larger twin 
crystals. The hornblende is occasionally developed in 
separate columnar crystals, but it usually only forms ^rt 
of the general crystalline granular mass of the rock. Be* 
sides these, its two principal ingredients, syenite usually 
contains some titanite (or wohierite), forming minute 
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brown crystals of adaiiiaiitiiic lustre, dispersed through 
the general mass» often only to be recognised with the 
lens. Some micay quartz, elseoiite (nepheline), zircon, 
magnetic iron-ore, and pyrites, are also to be found in 
the general mass, but only as accessories and in small 
quantity. Epidote, which also occurs partly in the ge- 
neral mass, and ])artly in the crevices of the rock, is 
prt)bal)ly the ])nxiuet of a decouiposition of hornblende; 
and an invisibly small pro])oi-tioTi of carbonate of lime, 
causing; a slight effervescence with acids, is traced by 
Bischotf to the same origin. 

A larger proportion of mica and quartz occasions transi- 
tions into syenite-granite or syenite^fpieiss ; an increase of 
elseolite and zircon, transitions into miascite and zircon- 
syenite. Again, many syenites contain oligoclase as well 
as ortlioclase or microclme, opening up a transition into 
diorite, which latter is essentially nothing but a syenite 
containing oligoclase instead of orthoclase. This trifling 
difi'erenc(s whicli is usuallv connected with a coarser tex- 
ture of the rock, may possibly only be a consequence of 
the diiferent level at which it attained the solid state. We 
find, indeed, syenite in its bedding to be more decidedly 
plutonic than diorite. 

Varieties in Texture^ 
(a) Common Syenite. y Uniformly granular, as in the Plaii- 

Gemeiner Syexit. {Germ.) \ «^ ' Ti«*-J^« 

Syenite commune, (fr.) ) eMchen-Gnuid, near Dresden. 

(5) POBPHTBITIC StENITB. 

pniirrn-nAnTTCKn Stttvit. 
Syenite poiiphyuoidb. {Fr,_ 

¥i\k, Ton Baehthofen has given the name of syenite-porphyry 
to a rock of this class found m the Vlsena Valley, near Predaxzo, 

in Tyrol. He de8cribes it as consisting of a granular matrix of 
orthodasey with little hornbl^ide, and sometimes oligoclase in 
small quantity. Tlie matrix en^Ofling twin dystais (three 
inches long) of orthoclase. 

It would be too much to say that there are no compact, 
vesicular, or ainygdaloidal varieties of svenite ; we are 
onlv unable direetlv to trace anv rocks uf such textures 
throuo-h transition states from ii;-eTiiiine svenite so as to 
8llo^\ a direct connection with it ; and therefore we con- 
fine the name to the distinctly granular compound of 
felspar and hornblende^ as above described. But amongst 
the aphanites there are certainly compact and vesicular 
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rocksj whose chemical composition, at least, is so exactly 
that of Byenite, that under a slower and more plutonic 
process of cooling, they might well have become syenite. 
They bear the same relation to it as petrosilex to granite. 

Til at these compact rocks do not occur in geolojj^cal con- 
nection with syenite may be owing to the thoroughly 
plutonic origin of the latter, causing it always and every- 
where to have oooled uniformly and very slowly. The 
same observation applies to granite. 

Properly speakii^« there are no varieties of composition 
to adduce, unless we consider as such those transitions 
into granite and diorite which are occasioned by the 
occurrence of mica, quartz, and oUgoclase. The zircon* 
syenite is rather a variety of miascite than of syenite 
proper. But this seems a fitting place in which to in- 
troduce the rock which Delesse has termed 



MiCA-DlORITE. 



It consists of a crystalline granular 



GuMMERDioRiT. (Germ.) compound of lionibluiidc, orthoeliuso, 
(i^.)^^ ' nlKjocki^e, mica, aud vc^rv little quartz, 

' geiierally of a dark colour, almost 
black. Content of silica only 48. From this composition we 
may regard this rock as something between diorite, syenite, 
and granite. In the Voagea it occurs in dykea in gnmite. 

Syenite is usually jointed into large irregular or thick 
tabular masses ; it forms entire mountains and occupies 
extensive regions; only seldom forms distinct veins or 
dykes in other rocksi but is not unfrequently traversed 
by granitic veins, or it often contains granitic concre- 
tions. It is often associated with great tracts of granite, 
and then passes over into syenite-granite, and finally into 
granite. The syenite of the Plauenschen-Grund, near 
Dresden, is eminently characteristic. Near Ditro, in Tran- 
sylvaniaj instead of titanite it contains much wohlerite. 

Hpfermees. 

KaKmann on the Snxon Syenite, KrlauteruDg sur geog. Kaite 

von Saeh^eii, 184o, No. 5, p. IIG. 
X. voti Buck on the Monzou-syenite in v. Leonhard's Taschen- 

buch, 1824, p. 345. 
von Bichthqfm on Monzon-^enite, in Geop. Besclir. v. Stid-' 

Tyrol, I860, p. 144, which contains^ beflidee orthodase and 

hornblende, some oTigoclase, mica, and pyrites; ibid. jp. 1»50. 
Zirkdy Svenit dos PlauenscliBn-Grundes. Poggendoi^ Ann* 

vuL cxkii. p. G^l. 

H 2 
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Ddetm on Ificar-diorite, in which he also includes rocks from 
the Kuhlenberff, near Harzburg, (gabbro r) and from the 
Fel.-^liepg, near Darmstadt, in the Ann. des MineSy 1861, [4] 
vol. xix. p. 150. Karstoii's Archiv. 1851, toI. xxiv. p. 280. 
Bullet, de la S^c. <reol. de Fr. 1850, vol. vii. p. 524. The 
syhiite rose ctl^ypte here described is granite, Ann. des 
Mines, 1847, [41 voLxii. p. 2G8; 1848, [4] vol. xiii. p. 08-5; 
1852, [5] vol. lii. p. 384j 1858, [5] v.il. xiii. p. 389. On 
YoffesenffTenit in t. L. n. Br. Janrb. 1848, p. 709. 

The following works on Syenite relate partly to rocks rich in 
qnarti, which we class nnder the heiEul of syenite-gramtej 
Tiz.:— 

T. iJpchm in v. L. u. Br. Tahrbuch, 1858, p. 339, 

r. Ihdh in v. L. \i. Br. .Tahr})uch, 1858, p. 889. 

Strcftf/ in Pu^geud. Ann. 1853, vol. xc. p. 182. 

Kjentlf, Chnstiama Silurbecken^ 1655, pp. 8, 12^ and 15. 

12. MIASCITE. 

MiASClT. (Germ.) 
MlASGECB. (Fr,) 

A crystaJUne compound of ortkoclasej nepheline, sodaUttf 
and black mica; coarse-grained to finegrained (m 

the different varieties other minerals also occur). 

This rock was first discovered by G. Rose in the Ural 
Mountains. Its orthoclase is Breithaupt's Mikroklirie, 
and is white or grey ; the nepheline is yellowish-white 
(elflBolite) ; lustre only slightly resinous ; the sodalite is 
grey or a fine blue ; the black mica is nearly unaxial. 
Besides these principal ingredients, the following occur, 
but frequently only as accessories : davyne, wohleiite, 
zircon, magnetic iron-ore, pyrites, pyrocblore, cancrinite, 
apatite, monazite, even quartz, hornblende, &c. By means 
of these minerals, transitions take place into granite, 
syenite, and especially zircon-syenite. At Miask the 
texture of this rock is sometimes fissile; at Ditro, in 
Transylvania, where miascite occurs at the margin be- 
tween syenite and mica-schist, and intimately blended 
with the former, the blue sodalite is frequently arranged 
in layers, and the texture is generally very unequal, 
Bometimeb quite coarse, sometimes fine-grained. 

Heferences. 

G. Rose, Beise nach deni Ural, vol. ii. pp. 47, 93, and 535, 
and Poggend. Ann. voi idvii. p. 375. 
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Breithaupty Ber^^- u. Hiitteiiiii. Zeit. ISGl^p. 493. 
Cotia, ibid. 1862, p. 73. 

Varieties in Composition. 

A. ZmCON-SYENlTE. 

ZrRKONSYENTT, Vnn Buch, (Germ») 

A crystaUm&^ftfWifdar compound of ortkockuef tupheUne (dcBoUie)^ 

gtrcoriy (Did umaUy only little hornblende. 

This rock is closely allied to miascite, both in respect of its 

essential and accepsory ingredients. However, its composition 
varies «f> much in ditierent places, that it is frequently difficult 
to decide what are essential and what accessory inirrcdients. 
The principal place where it occurs is the district (4' Laurvig 
and l>revig, in. Norway ; here tiiurti also occur eukolite and 
eudialitd ss acoossoiy ingredients, 

Seferawes. 

L, V. Buekf Beise nach Norwegen, vol. i. p. 138* 
Saummannf Reise nach SkandinaTieny toL iL p. 103, and 
ToL X. p. 236. 

B. FOYAITE. 

FoYAiT. (Germ.) 

A crystalline yranular compound of orthodase^M^hdine (elcsoUte), 

and homhiende. 

Spec. grav. 2*6. 

The orthoclase is white or greyish-whito, forms long tabular 
crystals with twin prowth (\mt not very perfectly developed), 
and is decidedly predominant. The reddish elsBolite of greasy 
lustre occurs in smgle hexaeronal crystals. 

The frreenish -black hornblende forms columnar crystals or 
smuii i^rams and parts oi grains. 1 "he \rtrielies of texture ai*e 
the coarse-grained; fine-grained, compact, and porphyritic ; the 
latter contain crystals of orthoclase and elseolite in a fine- 
grained matrix. The orthoclase crystals themselyes some- 
times contain elcsolite and hornblende. The texture often 
chanfres very rapidly, as in g-abbro. As accessories there 
occur titanite and magnetic iron-ore (very frequent}^ hexagonal 
brown laminie of mica, and iron-pyrites. 

This rock forms the mountains J'oya and Picota in the pro- 
vince of Algarve in Portugal, where it is jointed in irregular 
masses. Blum has named it alter the first mountain. 

Blum in von Leonhard's Jahrbuch, 18G1, p. 420. 
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ACmiO IGNEOUS ROCKS. 

These roeks are compounds of orthoclasey sanidine^ or 
oligoelasey with quartz, mica, or hornblende. 

They also contain many other minerals as accessories. 

Their proportion of silica is almost always ahoye GO 
per cent., and extends in some cases to upwards of 80 
per cent. 

Their texture is generally granular or porphyritic, but 
sometimes compact or vitreous, seldom vesicular, and never 
amygdaloidaL Frequently they have a somewhat fissile 
or foliated structure, and so they even form transitioiis 
into certain of the crystalline schists. 

Like the iMurio rooka, they <ure divisiHe iiit» die voWc 
and the plutonic. 

1. Volcanic. 

In the rocks of this division the prevailing species of 
felspar is sanidine or oligoclase ; the labradorite (rich in 

lime), so often found with pyroxene in the basic rocks, 
is very rare in the acidic, The felspar is combined Avith 
some hornblende, and more rarely also with quartz, yet 
the ro(;k always contains a \av^e ])roportion of silica ; 
au^te is only an accessory ingredient. 

The volcanic acidic rocks fall into two principal groups ; 
the trachytes a,nd phonolites. The trachytic group, how- 
ever, contains many varieties both of composition and 
texture, and hence a great number of separate names, 
such as pearlstone, obsidian, &c. The trachytes occur 
as lava at active volcanoes of the present day, which is 
rarely, if ever, the case with the phonolites. Perhaps 
the latter are, to a certain extent, ])rodncts of transmu- 
tation from compact or porphyritic trachytes. 

Although the trachytes, when charaeteristically deve- 
loped, differ very A\'idely from the basalt, so that these 
two may be called the extreme products of volcanic 
agency, yet there are many volcanic rocks of intermediate 
character, which, to a certain extent, form transitions 
between the two groups, and prevent any very definite 
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line of distinction between them. In many individual 

cases it is, in fact, difficult to distinguish tiacliytic I'rom 
basaltic rocks. 

THE TRACHYTE GROUP. 

The term trachyte, signifying rough stone^ was first 
introduced by Haiiy, to denote a crystalline granular com- 
pound, in which sanidine, as the predominant ingredient^ 
ia combined with some other felspar, with hornblende (or 
augite), mica, or even quartz, in subordinate quantities. 
The principal mass is sometimes fine-<j:r;Miicd^ or even 
comi)act, Avith distinct minerals pnrpliN ritically prominent. 

Soon after Haiiy had first called attention to tliis rock, 
many other rocks came to be ohsorved, having the same 
mineral composition, differing somewhat from it in tex- 
ture, but connected with the normal trachyte by inter- 
mediate transition states. These were called trachytic 
rocks, without being reckoned as actual trachytes ; thus^ 
for instance, trachyte-porphyry, pearlstone, obsidian, 
pumice^tone, and many compact as well as porous trar 
chyte-lavas. 

Then it was discovered that many of the rocks -whicli, 
without accurate mineralogical investigation, liad been 
taken for trachyte of the prescribed composition, con- 
tained an oligoclase-felspar instead of the sanidine for- 
merly considered so essential an ingredient ; but in other 
respects their trachytic character was preserved. Ac^ 
cordingly, the trachytes came to be divided into sanidine- 
trachyte and oHgaclase-trach^te ; these two varieties are, 
however, connected with each other by many transition 
states, and their geological position and character are 
identical. In compact or fine-grained states the difference 
between them is scarcely to be recognised ; the varieties 
of texture appear likewise to be essentially the same in 
both. 

It may be useful, before going on to the description of 
the individual trachytic rocks, to take a general survey of 
what have been described imder that name, and the mode 
in which different writers have dealt with the different 
varieties. 

Before the difference as to the species of felspar was re- 
cognised or known, the following varieties of the rock were 
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distin2:iiislicd by Beuda/it (in liis Voyage en Hons^rie), 
and hy Burat (in his Dci^cription des Terraiiis vole, de la 
France centr. 1833), and also by Naumann. 

(a) TBACHTXB8. 

TVaehg^ffraniMde (granitic tiacliyte), e. g. at Haaderlo^ near 

Schfranitz. 

Fihrom or gneian-like Trachyte^ e. g. on the Pontellaria. 

Trachjte schistoide (schistous trnr liytt"), e. g. at the Paa de 
Conipain, dcpnrtment of Cnntal in I'Vanco. 

Trachyte a yros crystaux^ a trachyte rick in felspar, at Dra- 
cheufels, near Bonn. 

Trtickyte mnphiboUquef a trachyte rich in hornblende, e. g. 
near Schenmitz (perhaps the aame as Breithaupt's timasite). 

Trae^yte micac4 (micaceous trachyte)j Monte Gating in 
Tuscany 

Dujnite, or Trachyte terretix (domite or daystone-like tra- 
chyte), e. g. at the Puy de Domn. 

Trachyte iwrphyrdide (poiphyritic trachyte), Schenmitz and 
Kremnitz in Hungary. 

Irachyte homoyhie (simple trachyte), freq^uently resembling 
phonolite, Monts Dor^ in V41ay, 

Trat^iyte wtm-vifomr (semi-yitreons trachyte), Tokay in 
Hungary; Iceland. 

Masengay according to Naumami, the genuine trachyte of 
the Eunfanean Hills in Lom1>Rrdy. 

Kcnfro o f JJroccht, according to Naumann, genuine trachytes 
of the Cimini Mountains. 

Nekrolite of lirocchi^ according to Naumann, trachyte from 
Viterbo and Tol£i. 
(5) Tbaohttb-pobphtbies QoisTMsmsQ Qtjabtz. 

Pf'rh'te-ltke Tradtyte'porphyify. Hungary* 

Porous Trachyte-porphyry. Hungary. 

Vesicular Trackyte-porpkyty (with globular cavities). Him^ 
gary. 

Millstone poi^hyry, or cavernous trachyte-porphyry. Miih- 
lensteinporphyr, or cavernoser Trachytporphyr. — Porphyre 
meulier, Hliniker valley, in Hungary. 

CUxyf^tme-^kfi Trachyte-porphyry, 'Thonsteinahnlicher Trt^ 
chytporphyr, Ponza Islands. 

(c) QUAJirzLESS TRACnTTE-PORPHYBIBg. 

Perlite-like Trach/te-porphyry^ without quartz. TTuncary. 
Claystofie-like Trachyte-porphyry^ without quartz. Hungary. 
Pumice-stane-like Trach^fte-porphyry^ without quartz. Hun- 
gary. 

^aty Trachyte-porphyry f without quartz. Ponza Islands. 
id) PerLITES and PSABISIOITB-POBFHTBIES. 

PerUtB tedaci (granular shelly perlite). Telkebanya in 

Hungary. 

Spherolitic perlite or spherolite rock. Schemnitz in Hungary. 
Prr//^^ r^tml^ti^ (pitchstone-like perlite) ; Ofen in Hungary. 
Lipari Islands. 
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Perlite porphuriqtie (perlite porpliyrv), Hungary. 
PerlUe UtMuk compacte (claystone-liie perlite), Hungaiy. 
PtrUte ponceaux (perlite pumioeHrtone), ilungary. 
(e) PlTBB ObSIDIAIT. 

Fwpk^ie ObmdUm^ or obaidian-porphyij^ spherulitic obsi- 
dian. 

(/) PlTMICE-STONE. 

Obsidian puinire-done, 
Perlite p^imi i -stone. 
Trachyte pumicc-stone, 
(ff) Al7I>£SITB. 

(k) Xbachttb-ix>lbbitb. 

In tlie decomposed states of trachyte, and especially in the 
60-called alumstonO; we can of couiae not lecognise the fresh 
state of the rock. 

The first thing which strikes us with reference to the 
foregoing catalogue is the great number and variety of 
rocks which may be included under the head of trachyte 
in its more extended signification. All the distinctions 
which have been made are, however, not equally important^ 

Some varieties occur only in one locality, and some 
scarcely belong to the trachytes at alL 

In investigating a particular district, we should, of 
course, notice the smallest modifications in the nature of 
the rocks which come under our observation ; but for the 
pur}X)ses of definition in a general treatise like the present 
it is impossible, and would be undesirable, to record every 
trilling^ variety of texture and composition. 

Kose, in the 4th vol. of the * Kosmos,' has proposed 
to subdivide all trachytic rocks into the six following 
groups:— 

1. A rock whose principal mas» consists entirely of crystals of 

vitreous felspai\ which are tabular and usually large. Little 
or no hornblende and mica are contained in its composition, 
and are quite non-essential as ingredients — Campi Pnele^ai, 
Ischia, La Tolfa, &c, Augite shows itself in small crysttus in 
the Mont Dot4, but very rarely. In the Campi Phelegrai, 
where there is hornblende there is no augite, also no leucite, but 
of this last iiiiTitM-nl Iloifman discovered some specimens at the 
Lake of A veriK), nud G. Rose on the cliffs of the Monte Nuovo. 

2. A rock wli03c principal mass contains si n ^^I p yitreous felspar crys- 

tals and a great number of siiiall snow-wliile oligoclase crystals. 
The latter are frequently regidar, and grown into the vitreous 
felspar, and form a covering round it. Sometimes a small 
proportion of hornblende and mica, and in some varieties 
au<nte, are found in it. 
The trachytes of Drachenfels and the Ferlenhardt in the 
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Siebengebirge, and many Tarieties In the Moat Bof^ and Cantal, 

belong to this subdivision. 
S. These are dioritic trachytes whose principnl mass contains many 
small oligoclase crystals with black hornljleiule and brown 
magnesian mica. To this species belong the tiuchyttvs of 
JE^iaai, the Kozeluiker \ alley near Schemnitz, Xagyag iu 
TransylTaniay and Montabaur in Nassau, Stenzelberg and 
Wolkenburg in the Siebengebirge, Puy de Ghaumont, near 
Clennont^ and Liorant in Cantal. The Kasbegk in the Cau- 
casus, the Mexican volcanoes of Toluca and Chdzaba, also the 
doniitc's of T.. v. Biich, beloni? to this subdivision. In the white 
fine-frrainc*! iimtiix of the traciiytpR of the Puv de Dome arn 
enclosed vitruuus crystals which have alwavs been considered 
to be felspar, by which term Hose implies orthoclase, but the 
cleavage surfaces of which always show striae, and are, there- 
fore, in fact, oligodase. (The above-named examples from 
Hungary and Tnauylvania belong to Breithaupt's timazite.) 

4. The principal mass contains augite and oligoclase. The peak of 

TeneriHe, the Mexican volcanoes, Popocatapetl and Coluna,the 
South Amerif'tiTi volcanoes, Tolima, Purace near Popa^'an, 
Pasto, and Cunibal Ivuca Pichincha, Antisana, Cotopaxi, Chim- 
borazo, Tunfruragua. In Tung-uraijua, associated with the 
augite crystals, there occur small independent crystals of uralite 
of blackish-green colour (diabase or dolerite ?). * 

5. A combination of labradorite and aumte, a doleritie trachyte, 

^tna, Stromboli, &c (Why ahould not these rocks be genuine 
dolerites ?) 

6. A rock whose matrix is usually grey, in which crystals of leucite 

and augite are enclosed, with some olivine (very little). Vesu- 
"vius and Somma ; also the extinct volcanoes Vulture, liocca 
Monfina ; tlie All)anian Moimtains and Borghetto. (This is 
the same as our leucite rock.) 

It mil be seen that Eose's idea of trachyte is much 
more extended than is at all usual : it embraces almost all 
the volcanic rocks. 

More recently Freiherr v. Richthofen has di^ ided the 
trachyte formations of Transylvania and Hungary into 
two ("lasses — the rhyolitic and traelivtic. The latter are 
almost exclusively rocks containing horji blende and oligo- 
clase as their essential constituents. Sanidine is not the 
predominant felspar except in certain rocks of the most 
recent and subordinate eruptions; so that> speaking gene- 
rally^ according to von Kichthofen, by far the greater 
proportion of the whole group of trachytes (proper) 
consists of oligoclase, and not of sanidine rocks. The 
silica is never so abundant as to dcvelope distinct crystals 
of cj^uartz. 
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Yon Bichdiofen subdivides the trachytes again into 
* greenstone trachytes ' and * grey trachytes.' The former 

(our timazite) often correspond exactly with the oklcst 
diorites and dioritic }H»i])liyries. The latter, on the other 
hand, consist ]iriucij>ally of oligoelase and hornblende, 
with the occasional addition of some anixitc. 

Under the term rhyoUte^ Kichthofen embraces all the 
most acidic (richest in silica) amongst the recent igneous 
rocks. He especially instances in Hungary the trachyte- 
porphyries, perlites, &c. (Vide L« u. B. Jahrb. 1859, 
p. 304, and I86I9 p. 98 ; Jahrbuch d. geoL Beichsanst. 
1860, Sitzungsber. p. 92.) 

These two groups of trachytes "proper and rhyolites 
certainly appear of general geological importance; they 
bear tlie same relation to each other, witliin tlie acidic 
groii]>, as the acidic rocks hear to the basic; and although 
in Hungary they both belong to one and the same great 
tertiary eruptive period, the rhyolites always appear the 
more recent of the two. 

We find similar phenomena in the rocks of aU eruptiYe 
periods, the plutonic as well as the volcanic* Where 
syenites and granites occur together, the granite (rich in 
silica) is usually the most recent ; in the same way we 
often find veins of granite intersecting the gabbro ([)oor 
in silica). In the Thurin<rian orest the quartz-porphy- 
ries are in jreneral of mure recent origin than the mica^ 
porphyrites (poor in silica), although they both belong 
to the same great period. In the Bohemian Mittelge- 
birge, whose conical mountains consist partly of basalt 
and partly of phonolite, both of which appear to have 
been formed during the tertiary period, the phonolite 
(somewhat the richer of the two in silica) is found 
throughout as the most recent ; so that putting all these 
facts together, we are almost justified in holding it for a 
universal law, that Avherever iirneous rocks rich in silica 
occur together with basic igne(His rocks of the same great 
period of eruption, the former are of somewhat later 
origin than the latter. Basalt, nevertheless, sometimes 
forms an exception to this rule, as in Hungary, where it 
penetrates the trachytes; but it is questionable whether 
the basalt in these cases may not belong to a separate 
period more recent still than the trachytes* 
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If we find it impossible to define a precise boundary 

between the acidic and basic volcanic rocks, any more 
than between the volcanic and plutonic groups themsel\ cs, 
there can iiardly be matter for surprise j we should, on 
the contrary, ])e at a loss to explain any such sharp dis- 
tinction if it existed. We find rocks of character so 
undecided, that we may with almost equal justice group 
them with the greenstones as the trachytes* Such, for 
instance, is timazite. With others it may appear doubtful 
whetherwe should att^A them to ba«dtortrach^ Such 
are trachydolerite and andesite. The latter was in the first 
instance, without much inquiry, grouped with the trachytes 
because of its geological position and its rough texture. 
KSubsequently tlie prevailing icl.^par species was taken for 
all)ite, and L. von linch called the rock andesite from the 
Andes, where it occurs in great extent, to distinguish it 
from ordinary ti achyte ; and although it has lately been 
discoyered that the felspar is not albite but oliiroclase, 
that does not seem to us to furnish a sufficient reLn fo^ 
changing the name of the rock (as proposed in ^ Kosmos'), 
if we wish to preserre any individuality for it at all. It 
may, however, remain questionable how the rock should 
be grouped. If we find with the oligoclase, ]n rox< lui 
and hornblende occurring as essential and iniportaiit in- 
gredients ; ii" the rock coTitaiii- no quartz, but occasionally 
dark magnesia-mica, olivine, and titanite (and always 
magnetic iron-ore), then it may certainly be that andesite, 
if a volcanic product, should be assigned to the basalts ; 
or if plutonic, to the greenstones. Whilst, on the other 
hand, its somewhat high proportion of silica (59—67 per 
cent.), as well as its sometimes Titreous state, is opposed 
to this gr Hi ping, and gives the rock a more trachytic 
character. It is for these reasons a rock of middle cha- 
racter, of wliicli there are many such. Roth even distin- 
guislies a pyroxene-andesite and an amphihnki-andesitc. 
W ith the tirst he classes many volcanic rocks of Iceland 
and Tenerifie ; with the latter, the so-called trachytes of 
Wolkenburg, and of Stenzelberg in the Siebengehirge, the 
domite of the Puy de Dome, and many lavas of ^Etna. 

The trachytes often form an essential part of the pro- 
ducts of active volcanoes, and form actual lava streams* 

They are also frequently found at so-called extinct 
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Yolcanoes ; and form single conical hills or connected 
groujxs of mountains in districts where^ since tlie tertiary 
period^ no eruptions have taken place. These last-men- 
tioned older trachytes approach in character the plutonio 
rocks. We are, however, unacquainted with any trachytes 
which are certainly older than the Tertiary ])eriod. 

We propc^se, with Von Richthofen, to divide all the 
trachytic rocks into two separate sub-groups (trachytes 
and rhyolites), the differences between winch are more 
marked than those of the several varieties of mere texture 
and composition. These latter differences are, however, 
important enough to deserve a more special notice than 
the corresponding varieties of many other rocks; and 
we Aall. tfierefoiS, accord ihem a fii description., merely 
premising in general that they are apt to run one into the 
other by gradual transitions occasioned by the prepon- 
derance or the reverse of a principal ingredient. 

13, TEACHYTE. 

Tkacityt. (Germ.) 

A compound of sanidine, oUgoelaat {or even aJMte and 
labradorite), with some hornblende or augite and dark-- 

coloured mica. A roufjh principal mass in which, as 

matrix, iiojui' of its mineral constituents are jreqiiantly 

distinctly and separately developed and imbedded. 

Rpec. gmv. . , . • . 2'4— 2*8 
Contains silica . • . • 50 — 67 p. c. 

As a rule, in all trachytes the felspar is predominant. 

The detailed groupina of their different mineral ingre- 
dients will appear fruiu the description which we give 
beiow of the several varieties in composition* 

Varieties in Texture, 



(a) Grantlak Trachyte. 

KoiixioKB Trachyt. {Otrm.) 
TaAcom QiSkixneSsm. (/V.) 

(Q PORFSTBITIO TbACHTTB. 

PouMiYnATmoEB Trachyt. {Germ 
TiucMYTJi poitPurnolDB. .(/Ir.) 



o| With large felspar dystab. 

(c) Compact TRAcnYTE. ' ) ^. ^^'^^^^^ 

^ ^ - RACHYT. (Germ.) [ approaching the compact) 

5. iFr,) } AlBO somewhat porpbynUc 



ZlEa mCH D ICKTER Ti 

Trachtex uthoXdb. 
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(d) Vesicular Tbachtxb. \ often, par excellence, called Tra- 

Blasiokr TnACH^T. (Germ.) \ /i^, 

(e) Decomposed Tracuyte. ) dwjompofled varieties are 

ZBRSBnETBR Tracbtt. (Germ,) I callea Aiumttane, on socount of 
TBAconmniooMPosft. (A%) ) their containiBg aluiiL 

Varieties in Composition, 

(A) Saxidinb-Trachtib. 

Sahidin-Teachyt. (Germ,) 
An aggregate of sanidme aystalsj with some homblmde or nUea as 
subonlkuUe ingredients. Texture coarse or fine- gi'aiucd to cotnpact. 

Spec. grav. 2-4--2 ti 

Contains silica .... 59 — 60 p. c. 

In this compound, principally consisting of sanidine, horn- 
blende, and mafmesia-iuica, occur, as H'-'-^^'^orv inCTediont^, 
ina^iu'tic iron-ore, sodalitc, olivine, titanite, an<l au^ato or 
quartz. It I'lirther a})pears })rob{ible, I'roni the fie(|ut'nt pre- 
ponderance of the proportion of 8oda over the potash in thu 
whole loeky Hiat the compact matrix which permeates the 
whole mass, cementmg the distinct and recognisable minerals^ 
contains, in addition to those we have mentioned, some mineral 
rich in soda, such as oligodase, sodalite, or nepheline. The 
sanidine often oecurs in a porphTritie form. The colour of the 
rock fluctuates between irreyisli-wlute and dark-brown {frey. 
In most Civrns the texture is porpliyritic, with granular or 
sometimes compact matrix j some varieties are vehicular, and 
at the surface eren scoriaceous, but not amy^daloidal. By 
decomposition a state is produced, not wackenitic, but more 
resembling daystone. The mass then appears almost white, 
whereas, in fresh condition, it is often very dark-ooloured. 
The rock is conerallv of im^frularlv iointed structure. 

To this species belonn", according to TkOtli, the trachvtf^s of 
TJabertshausen, in the Grand Ducliy ot Hessen; of Kappeilen- 
berg (which contains some pyropej ; of Mondhalde and Silber- 
bnmnen, at the Kaiserstuhl j of Gleichenberg, in Styria ; of 
Monte Olibano, near Pozsuoli. Likewise the lavas found at 
Blonte KuoTO, and those of the Azores, &c 

The grey porous sanidine-trachyte, which occurs at the 
Laager lake, contains a good deal of haiiyne. 

(B) Sanidins-Oxjgoclasb-Tbachttb (Dbachskfbls Trachtte). 

SAinrnTN-OLiooKLASTRACHTT. (Germ.) 

A crysUUline compound of sanidim and oligoclase with tnag- 
nesta-tmea and homitendef also some augite^ viagnetie irot^ore, 
and titanite. 

Spec, grav 2*6 — 2*7 

Contains silica .... 00 — 67 p. c. 

This very characteristic rock of the Draehenfels, near Bonn, 
with its large sanidine crystals porphTrilically enclosed in 
granular matrix, served a long time as tiTe principal type of the 
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trachytes, and all the felspar in that rock was assumed to be 
sanidme. Now, however, it appears, from the very consider* 
able quantity of soda contained in the matrix (up in 5 per 
cent.), that tiie latter probably consists principally^ of oligodase. 

It is esperially worthy of remark tliat in tliis porph^Titic 
trachyte tho hir^e sixnidine crystals frequently assume a parallel 
positfoii to eaeli other; they are also sometimes hroken in 
two, but both pieces still lie close together imbedded iu the 
matrix. According to Both, to this class belong the trachytes 
of Kiihlsbnmnen, in the Siebengebirge, and Frdenhaiiachen, in 
the iSfel; tl according to Kichthofen, many trachytes of 
Hnngaiy and Transylvania. 

(O) Oligoclasb-Tbachtib ^oicztb). 

OLiaoxLAS-TRAOHrc. (<?erm.) 
DOMTCB. (IV.) 

In this rock oUgockm is the only recognisable f^s^r, as it con- 
tairn no smidine. The oh)/ocIasc is combmei wnlh some Aom- 
blende or mtgite and da r I -coloured mica. 

These trachytes have been the least accurately analysed of 

any. They contain many other acceswrr ininerals. If the 
quantity of hornblende! be abore tlie avcrriiie, tlien they pas.-4 
into greeustones, e.g. into the greenstone-trachyte of liicht- 
hofen, or the timazite of Breithaupt. Whether andesite 
and trachjdolerite should be included here may be doubtfuL 
We prefer to treat them separately. This variety occurs in a 
tolerably fresh state at Stenzelberg, and at Wolkenburg, in the 
Siebengebirge. At the Puy de Dome, on the other hand, it is 
much decomposed, rough, almost crumbly, and i.^ there called 
domite. It would be hazardous to attempt to distinguish 
varieties of texture. 

At Stenzelberg this rock exhibits a siuguhu' cylindrical 
jointed structure, in so-called ^outliers,* which consist of round 
colunms^ composed of concentric layers. Usually its structure 
is massive* 

(P) Ain)E8im 

Andesit. {Germ.) 
ANDtsiTB. (JPr.) 

A fine-gramed or compacty and wmeHnm vitreous matrix ^ timaUy 
ofdark-grey to Hack cobntr: ecmlaiWs erystaU wMcky aeoord" 
mg to G, Hose, are oUgodase and auffUe. According to Abich, 
on the other hand, they are albitc or oligoclase: and AbieH 
addSf that some stmidine and hojvdj/endey and ahrm^s magjidic 
iron-ore, are likewise found in the rock, Dark-coloured mica 
frequently also occurs. 

Spec, ftrnv. . . . • . 2*6 — ^'7 
Contains silica ..... 50 — 07 p. c. 

Roth distinfruishes an araphibnlo-nndesite and a pyroxene- 
andesite, but as the latter likewise contains some horuhlende, 
this distinction would be dilHcult to maintain. To the amphi- 
bolt -tiudetites, according to him, the localities which we have 
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above given under tlio h*^ni] of ' oligoclase- trachyte * apply; 
to the pyroxeue-audesite; many volcanic rocks of Iceland and 
Tenerine. 

This rock was first named by L. T. Bach, and its felspar 
taken to be entirely albite. G. Boee could onl^ discoyer oligo- 
dase in it. Doubts have also arisen respecting- the other in- 
gredients. The matrix is sometimes easily to-be reduced to 
pnw^Mr. Known localities of its occurrence are : Pinchincha, 
Chimborazo, Antisana, and Oot<^paxi^ according to Abich^alao 
the Caucasus and Mount Ararat. 

(£) Tbachtimleriib. 

Trachtdolekit. (Germ.) 
TRACHT-DOLfeKITE. (jPn) 

A compomd of oligodase (or Mradonte) V)Uk hamliUnde or 
auffUef aonie magnetic iron-ore, and frequently alto miea, Thete 
mineraU lie imbedded w a ffrey or brotm matrix. 

Specgrav. 2'7~2-8 

Oontams silica 54 — 61 p. c. 

We may here distinpruish the varieties which contain horn- 
blende from those which contain angitsf the latter are yeiy 

nearly related to dolorite. 

Vehicular varieties also occur. Abich, who first distinguished 
this rock and gave it its name, designates the following places 
where it is found : — The Peak of Teueriffe, the Schivelutsch in 
Kamtschatka^ the island of Liscanera, near Stromholi, and the 
older layas of iEtna, for the yarieties which contain hornblende ; 
and the top of the crater of Stromboli^ and the central cone of 
the Rooca Mcmfina, for those containing augite. 

Peiters recognised in the rock of the T>o\venbiirg, in the 
Siebengebirge, a complete transition grade hotMTf n trarliyte 
and dolerite. Under the microscope its principal in iiss appears 
to consist of crystalline felspar ( either oligoclase or laljradorite), 
imbedded in which lie scattered crystals of striated felspar, 
of hornblende, au^te, magnetic iron-ore, and eyen some oJivine. 
The conteat of dbca heie diminishes to 62 per cent 

References, 
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Schotfan. Bannst 18G9, p. 48. 



Digitized by Google 



TRAOUYTK 6B0UP. 



193 



BammMerg, in Zoitschr, d* d. ^eol. Ges. 1859^ toL xi. p. 434. 
ZhM, Die tnchyluclien Gesteme der Eilel, in Zdtschr. d.d. 

geol. Ge8. 1859, vol. xi. p. 507. 

L. r. .SucAon A]idesit(',in Poggendorf' s Ann. vol. xxxvii. p. 189. 

V. Dechcn divisions of trachyte in his Geogn. Heschr. 

des Siebeng-ebii'fres (Verhandl. d. nat. Ver. d. Khoiiihindt', 
1852). He appears, however, to have abandoned these in 
his more recent 'Geogn. Fuhn r dureh d. Siebengebirge.' 

Zehler observed, in 1837, as many as forty different trachyte 
▼aiieties in his ' Siebengebirge. 

Vam Bath, in his treatise, ' IHe TnclL3rte des Siebengebirges/ 
I860, makes the following divisions : — 

1. Drachen/els trachyte, whose white or grey matrix con- 
tains crystals of vitreous felppar and oli^oclase, an<l J^orne 
magnesia-nnca and hornblende; acces.sorily, titfinitr, iiiny- 
netic iron-ore, augite, nud apatite. Tontent of idiica, Od — GO. 

2. Wotkenburg trachyte, i he colour ot the matrix from grey 
to black, or sometimes reddish. It contains crystals of oU^o- 
dasei, no yitieous felspar, but some homttlende and magneaia- 
mica. Aooeasorilj, augite^ olivine, magnetic iron-ore, pyrites, 
imd perhaps some quarts. Content of riUca. 59 — 62 per cent. 

8. Trachyte of Koaenau (not in connected rocks, omy foimd 
in blocks). The ba^e contains erv Btals of vitreous felspar, 
no oligoclflse, more rarely s<»nio nin<jnf sia-mira, hornblende, 
sphene, and mafrnetio iron-ore. Content of silica, 78*8. 

The luaLnx appears in all these three varieties to be prin- 
cipally felsitic. Acid producee a weak e^rrescence, which 
may well be owing to carbonates of later orig|in than the 
iqiiSl itself, and the small quantity of zeolite which occurs is 
in all probability the result of decomposition. 

Vom Bathj Ueber trachvt d. Enganeen. Zeitachr. d. deutschen 
- ol. Ges. 1864, pp. 254-498. 

iJeiUrs, Die Trachytdolerite des Siebengebirges^ in Zeitsehr. 
d. d. ffeol. Ges. 18(51, p. 09. 

v. Jiichthofen, in the Jahrbuch d. geol. Reicksanst. 1860, Sitz- 
un^sber. n, 92; extract in t<« L. n. Br. Jahrbneh, 1850^ 
p. 304, and 1861 , p. 98 ; Jahrb. d. geol. Rdchsanst 1864, p. 7. 

SfrirJie hm given the name of Dacit to a quartzose trachyte of 
TransylYania. Geogn. Beschr. Ton Siebenbiiigen. 

14. RHYOLITK 

Rhyolith. (Germ.) 
A compact, enamel-like, or vitreous matrix enclosivg 
grains or crystals of sanidine, oligoclase, mica, or 
even quartz* 

Spec. gray. 2-8— 2-6 

Contauis silica 67—82 p. c 

The matrix, which should, strictly speaking, always be 
a prevaiiiiig felsitic character, varies however from the 

o 
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simple compact to the vitreous state. It is distinguished | 
from that of the trachyte proper by its larger proportion 
of silica; and the same difference in the proportion of I 
silica is found to obtain between the trachytes and rhyo- 
lites in the collective analysis of each rock in its entirety. 
Hence in ihyulitc free quartz appears inucli more fre- 
quently than in genuine trachyte ; on the otlier liand, the 
fonner contains no hornblende or augite, or, at least, 
those minerals are much more rarely found in it than in 
trachyte. 

Under the common name of rhyolite we comprehend 
the following principal varieties: — Trachytes-porphyry ^ 
perlite, obsidian, and pumice-^ione, all of which possess 
sub-varieties. 

A. Trachtte-Pobphyby. — Liparite* 
Tbichtipobphtb, Lithoidit in part (Oerm,) 

POBPHTKB TR^CHTXiauS. (F^J) 

A compact felsitic matrix containing cri/stah of felspar, 
and sometimes also mica or quartz. But as this 
general definition essentially agrees with that of 
many porphyritcs and quartz-porphyries, it is per- 
haps better to say : Trachyte-porphyry is the name 
given to those rocks (prevalently felsitic and porphy^ ' 
ritic with a compact matrix) which are geolagiccdly 
allied to the trachytes. 

Spec, grav 2-4~li G 

Oontauis riliea 67 — 81 p. c. 

The trachyte-porphyries are» as a rule, much richer in 
silica than the trachytes proper which we have described 
above. Their matrix is of prevalent felsitic composition 
and character^ scarcely to be distinguished from that 

of the quartz-porphyries, and it only very rarely and 
exceptionally contains some traces of hornblende. 

Some trachyte-porphyries even contain i^rains or crys- 
tals of qnartz or mica, or of both those minerals together, 
and thereby their resemblance to quartz-porphyry, gra- 
nite-porphyry, or mica-porphyrite, becomes still greater, 
and in fact so great, that occasionally, in the lovm of 
single specimens, it is impossible to tell the diffwence. 
In these cases, llie only real difference consists in their 
geological connection with genuine trachytes or their 
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petrographical transition into pcrlite or pumice-stone. 
The felspar of the distinctly developed crystals in 
trachyte-porphyry is most usually oligoclase, but some- 
times also sanidine ; both uf these also occur in c^uartz- 
porphyries. 

The most unportant varieties in texture, but Avhich 
may almost all 1)e divided into those with, and those 
without, quartz, are : — 

(a) CoHvoN TBACHrtB^ponpHTBY. ) TtB felfliiic matrix is compact 

QmimMR TiucHTTPORPUYR. (Oerm.) ^ m fresh fracture, and fro- 

?aently aomewhat shining ; uauaUy light-coloured, contammg 
more or less plentifully dispersed) crystals of sauidine or 

olifr'*'^la^t% mica, or somelimos qujirtz. At the 8chlosshor<x of 
Neu- 111 the matrix is of jjrct nish colour, compact, with crystals 
of feibpar, mica, and quartz. In the Hliniker valley, near 
Schenmitz, the matrix is yellowish, and especially distinguished 
for its ciyatak of mica. 

(b) Pbbliib-ijxb Tbaohttb-pobphtby. \ The matrix is often 

Perlitahnlicher TRACuY'n'ORrHm iOtmu) j somewhat enamel- 
llke, and contains, besideM thope cryptals which we have men- 
tioned, small compact balls of felspar ( spherulites), frequently 
with radial tibrou.s texture, sometimes also grains of quartk 
and mica. These rocks pass over by transition into pcrlite. 

(c) AKGiLO-TRAcnYTE-PORPHYKY. ] The matrix is dull 

TBOKSfKoiiiHNucBBR Trachttfospbtb. (Oenn*} t or earthy^ and tun- 
ally' penetrated with firm veins or neeta of harder texture. 
Bmghaaz in Hungary. 

(d) VBSicrLAR or CwETTNors T^AcnYTE-^ The matrix contains 

PORPHYKY, ^IiLLsxcNE PoRPHYKY. [rouTid vesicnkr cavi- 




regulurly shaped cavities, whose sides aie sometimes partly 
coated with cnalcedony or quartz. 

These cavitieS; however, are never entirely filled, so as to 
form genuine amygdaloids. Hliniker valley near Schenmitz. 

(e) FuMiCEors TKAcnYTE-PORPHYRY. \ Forms a transition 

BiM^TKixAHVT.ff uKR Tt!AcnYTro«pHYii. (C7enf.> i from the vesicular 
Tariety into pumice-stone. 

(/■) Slaty 'Tkachyxe-porpuyry. } The slaty texture is pro- 
SomKPBiGBR Trachttpobphtb. (tfenn,) i duced by the manifold 

alternation of their layers of somewhat differing composition. 

Forchhammer has designated certain varieties of trachyte-porphyry 

-which occur in Iceland by the special names of Tvrablite and Baulite. 
According to Bunsen, these are compounds of onboclase and quartz. 

All these varieties abound in certain trachyte repri<^ns its, for in- 
stance, in the neighbourhood of Schemnitz in lluiiy;ary, in the 
Eugauean Hills, on the Ponza Islands and the Lipari labnda. They 
are usually irregularly cleft into angular masses, with columnar or 
tabular jomted atructure. 

o 2 
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Seudani, Voyajre en Hongrie, 1822, in many places. 
FoM Scrope, Ponza Islands, in Transact, dt tbe GeoL Soc.[2j 
vol. ii. p. 195. 

Ahichf Vuikanische Bildiingen, 1849, p. 23. Vulkauische Er- 
8cheinimgen, 1841, p. 20 j Geol. N. d. axmenisclien iloch- 



JT. V. JECttuer, Janrbuch d. GeoL Reicbsanst 1859, p. 466. 
FofchhammeTf in the Joum. f. prakt. Chemie, 1843, p. 390. 
Bwum, in Poggend. Annalen^ 1851, vol. Ixxxiii. p. 201* 

B. P£RLiT£. — Pearlstone^ Pearlstone-porphyiy. 

FbsLIT. (Genth) 

Pbblitb. (Fr,) 

An enameUlike matrix containing round grains^ several 
of which are constructed with concentric layers. 

Spec, grav 2*3 — 2*4 

Contains silica 70 — 77 p. c. 

The whole mass of the rock perlite is of the same com- 
position as that of tradiyte-porphyrj, except that, on an 
average, it is somewhat more nch in silica. The state, 
however, of this compound, which is distinguished as 
perlite, often alternates with the simple coinpact obsidian 
state, or that other state which has hecome porphyritic 
by the occurrence of sanidine crystals. It also forms 
transition st-ates into pumice-stone. Occasionalljr there 
occur, in addition to the sanidine crystals, some small 
mica flakes, red garnets, and even crystals of quartz. 
According to texture, Beudant distinguishes the follow- 
ing varieties : — 

(a) Geanulak Shelly Perlite. * 

KdRMIGSCUALIOEK FERTJT. (^Cmi.) 

TiiACirrrE TESTACK. (Fr.) 





a^ULITIC JfERLlTE. \ "\Vitll CC 

BPEXBOIilTIMBSR PBRLET. ((7«rm.) \ itAa\ft. K 
PKRLITB GLOBULAIRB. (fV.) ) IttiaiUJ 




{c) Peelite-porphyry. 




Pkrltte poiU';[ V i:' iiDE, {Fr.) 



(d) VlTKEOITS, WITH RESINOUS LuSTRB. 
Pechbtkenaktiokb Pekltt. {Germ.) 



(e) ARGILLACEOITB PERLim 

THONarmNARTiGEn Peiujt. iOerm,) 



(/) PuMTCEOUS Perlitj:. 

PERLTTHIMOTEIN. {Oerm.) 



All these varieties arc found (for instance) in the trachytic i^g^ons 
of Hungary, near Schemnitz, Tokay, Telkebanya, &c., near Zimapan 
in Mexico/ on the Lipari Islands^ &c« 
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JBeudantj Voyage en Ilongiie, vol. ii. p. 363. 

V, PeUka^ in Haiditiger's Abhandlungen, 1847, vol. L p. 2d8; 

and as to SchemnitZyin tlie Abhandlimg. d. geoL BeicbBtanst. 

1853, vol. ii. No. 1. He nameB the variefy with fe]site bfiUs 

* Spherolite rock.' 
ErflnHtnn, Joum. f. toch. Chemie, 1832, vol. xv. p. 38. 
Delvssc, Bullet, do la 8oc. ^rt'ol. 1864, [2] vol XL p. lOi) j v. L. 

u. Br. Jahrb. 1850, p. li>u. 

C. Obsidian and Pumice-stoxe. 

Obsidian imd I^tmbtrix. ( (term.) 
Obsidiennk et Puxo:. ( i '/'.) 

Obsidian is a iwlvanic glass, sometimes porphi/ritic by 
reason of sanidine crystals ; this glass, iwwever, when 
it becomes vesicular ^ passes over into the most exquisite 
foam-like pumice^tane* 

Sjpec pray. 2*3—2-5 

Oontaina olica 71—82 p. c 

This glassy or frotliy texture belongs only to the rocks 
of the trachyte group, and more especially to the tra- 
chyte-porphyries or rhy elites. Their colour is (in the 
case of obsidiaii) usually dark — black, brown, or greenish ; 
in tlie case of ptimice-stone, on the other hand, white or 
jellowish-gre^* According to differences of texture^ we 
may distinguish : — 

{a) Common Obsidian. ) 

GsMxtNSR omnvxAK. ((7«m.) \ A mere glass. 

{b) OBsiDiAy-i'OKPiiYKY \ With Fanidinc ciTStals, OF 80me- 

OBtelDiANrOiiiHYK. (Germ.) \ fi^f^t, .,lun niifl tilfttiiS 

OBSIDmSNE rORPHYROlDE. {Ft,) ) '^^^^ "^^^^ piaiCS. 

(c) SPHJ^KULTTir Obsidian. \ With fekite balla^ paaaing 

fo'HARouTic ^^^HKa OBSIDIAN. ( c,erm.) [ ^ygj. jntQ perlite. 

^ This rock is often of 

(d) Vesiculab Obsidian, Pumice-sxoi^e. f gi^ch long fibre and fo 

^.AfiiSBB Obsidiah (Bdibibix). (Germ.) r ,...j.ous that it will even 



lioat on water. 



These specieB of yolcanic glass are only found in trachytic volcanic 
rppons. They are very characteristically developed at the Peak of 
Tenenife, the Lipah Islaiidsy in Iceland, in Mezioo, &c. 

Iteferences, 

Meudaniy Voyage en Ilougrie, vol. iii. p. 380. 
' Brdmsamf Jouzn, f. techn. Chem. 1882, yol. ^v. p. 36. 
K, V, Ifauer, Jahrb. d. g* Seichsanst. 185^ p. 6^8. 
JkMunar^ Poggend* Ann. 1844^ voL Ixii p. 287. 
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Mundochy Phil. Mag. aud Joum. 1844, [2] vol. xxv. p. 495. 
V. d. Boon^Meesch, Pogg. Ann. 1828, vol. xii. p. 616, 
jfferter, Perlstein. Zeitsdir. d. deutschen geol. GeselUch. vol. xr. 
p. 459. 

PHONOLITE GBOUP. 

15. rilONOLITE, CLINKSTONE. 

PnoNOLiTH, Kltngstein, PoBPfiXBSCiiLEfEiL {Gerin,) 

PUONOLITHE. {Fr.) 

A compact base or matrix, in its fresh stale dark 

greenish-grey J showing here and there single cleavage 

surfaces of a vitreous felspar* The mass is as a rule 

somewhat slaty or schistose in texture^ or of thinlg 

tabular jointed structure — gives a clear sound when 

struck by the hammer; on weathering a sharply 

defined white crust is formed. 

Spec, grav 2'4 — 2*6 

Contains silica 50—62 p. c. 

Klaproth proposed the name of phonolite for this rock, 
as havinj]^ a more scientific air than that of klingstein, 
previously in use, of which it is the translation, and 
the new name has been very generally accepted. The 
peculiar properties of the rock had long been recognised, 
its difference from basalt, trachyte, felsite rock, &c., but its 
exact ingredients had not been investigated. Gmelin first 
drew attention to its analysis l)y muriatic acid, in which it 
is partly soluble and partly insoluble. The soluble part was 
considered to be a zeolitic substance, the latter a felspar, 
and the whole was considered to be an intimately blended 
compound of zeolite and felspar (sanidine). \ 

By the more exact microscopic and chemical investi- 
gations of later times, however, it has appeared that the 
composition of the phonolite mass is not so simple, and is 
in some part wholly different from what was supposed. 
It is even questionable whether in its fresh state it con- 
tains any zeolitic substance at all ; certain is it that the 
nepheline crystals which both Breidiaupt and Bose early 
recognised in phonolite, as well as the mineral forming | 
part of the iiuurix which Raminelsberg also judged to be 
nepheline, have frequently been mistaken for zeolite. 

G. Jenzsch ventures to ^rive the following as the mine- 
ralogicai composition of this rock, after investigating mi- 
croscopically and chemically several very characteristic 
phonolites of Bohemia : — 
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Per cent, 

Sanidine, estimated at . . • • . 53-56 

Nepheline, do 31-76 

Hornblende (arvendsonite) .... 9 34 

Titanite 

Pyrites 004 



These proportional values rnust^ of coursej vary greatly 
with locality. 

As accessories, the following minerals occur^ and are 
sometimes distinctly to be recognised in the rock ; viz. 
oligoclase^ augite, magnetic iron-ore^ olivine, haiiyne, 
brown mica, leucite, and nosean ; the last two minerals 

are the least frequent. It is possible that the zeolite 
(natrolite) which sometimes fills the crevices of the rock 
may also occur in the |>rinci|)al mass, but if so, it is 
proi)aljly the result of decomposition. 

In respect of the proportion of silica contained in pho- 
nolite, we might equally well group it vdth. the basic as 
the ricidic igneous rocks ; it forms one of the intermediate 
links between the two. As it never contains quartz dis* 
tinctly and separately developed, it might seem to be 
more allied mineraloglccally to the basic rocks ; but geo- 
logically its character is nearer that of the trachytes 
than the basalts. Where it occurs together with the 
latter^ as is very frequently the case, it seems to play the 
same part as the trachytes under similar circumstances. 

Its small content of water (0*6 — 0*8 per cent.) appears 
to be (at least in part) a secondary product, the result of a 
commencing decomposition ; and in the same manner llie 
occurrence of many accessory minerals in the mass, more 
especially those appearing in the clefts and vesicular 
cavities. 

Phonolite often acquires a porphyritic texture from the 
proiniuence of distinct crystals of sanidine and acicular 
hornblende. The most marked porphyritic varieties are 
as a rule little slaty and somewhat decomj)Osed. As de- 
composition progresses, the crystals become more ])romi- 
nent, and even the titanite then is frequently to be easily 
recognised. Manpr phonolites are dark-spotted, or they 
contain round grains of peculiar composition and colour ; 
these, however, as in the case of basalt, appear chiefly to 
arise from commencing decomposition. Many are en- 
tirely decomposed (kaolinised), and show an efiurthy frac- 
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ture^ with a light colour. Whole moimbiiiis of phonolite 

have, apparently at least, decayed in this manner, with 
scarcely a trace ot slaty t^xtn rc remaininp^. Naumann calls 
tills variety TrncJn/tw phonolite^ it is almost the only variety 
in which ver-iriilar and amygdaloidal texture is found; it 
never oc( iirs in the fresh, dark, and slaty kinds. Jenzsch 
is even of opinion that the apparent vesicular and amyg- 
daloidal cavities of the phonoUte arc not genuine bubbles 
of the original rock, hut have aiisen subsequently by a 
kind of corrosive process of decay. This view certainly 
agrees with the absence of cavities in the perfectly fresh 
rock. Yet in some few phonolites are found very decided 
vesicular cavities. These cavities, as also the clefts and 
fissures, most usually coutain zeolites ; especially apo- 
phyllite, chabasitc, coniptonite, desmine> natroUte, anal- 
cime, or caicspar and hyalite. 

Varieties in Texture. 

(a) CoioiON Phonolitb. ) UHik-coloured, compact, schistose, 

Qmmam'BEOvmm.iGerm.) ^ or imperfect slaty cleavaffe. and 
PBONOuiH. ooMHuia. (^.» ^ith Hngbg soiiiid wheo fltock l»y 

the hammer. MOeechaueir m Bohemia; Mibsbuig on the Bhbn 

Mountain* 

(b) PoBPHTKiTTc PHONOLITE. The Same mass with dis- 

PoRPHYaARTiQEBPHONouTH. ((7«rm.) [ finct crystals of hombleude, 
PHONoi™ PoBPimioiD^ (fV.) J augite/or sanidine. Auasig 

and Jaknhen, near Tetschen in Bohemia. 

(c) Trachttic Phonolite. \ Not slaty, not clinking, 

TBACBFEiiaNUimBBPHONOura. (atrm.)t rough, of a rather light- 
grey colour ; frequently porphyritic, geodic, or amygdaloidal. Aussig; 
in Bohemia. 

(d) Spotted PnoxoLiTE. ) Luschwitz, near Anari^, in Bo- 

OSFLSCKTKBPHONOLITH. (G'mN,) [- 
1>aniw\Tjn<B* •»A/iwp*n (/V.) ) ^^"^'^ 



(e) Vesicitlab Phonomte. \ Blattendorf, near Haida, in Bo- 

Bi-».PTr}Fn PndxoT.iTiT. (Germ.) y liftmiA. 



Marienberg, ueax Aus- 
sig, in Bohemia. 



(f) Ahtodaloibal Phonolitb. 

MAXT)Er.«TKiNrAirn(;Eu rnoKoLrnT. (Otrm,) 

PhONOLI THK .OIVGliALOiDE. {/''?:) 

The slaty or schistose phonolites are those which are 
most usually of tabular or columnar jointed structure. 
Those which are not slaty are usually only irregularly 
massiye. 

This rock forms isohtted conical hills, even more per- 
fectly than basalt, especially so in the Bohemian Mittel- 

gebirge and in the Oberlausitz. Much more rarely does 
it form great connected mountain ranges^ and it is mure 
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rarely found in ihe form of dykes than basalt. On the 

contment of Europe, phonolite is only known as of ter- 
tiary or of still more recent origin, and never as a f^ennine 
plutonic rock. It is, on the other hand, also iinkuovvn as 
actual lava at active volcanoes, and from this it would 
appear that its state must be more or less the result of 
cooling under pressure or of transmutation. In favour of 
the latter supposition (of transmutation) is the presence 
of zeolite, which ia, however, not a constant ingredient. 

Lyell, in his Geology, has instanced the occurrence of a 
phonolite of Ihe Devonian period in Forfarshire. If this 
be a genuine phonolite, it is the only recorded instance of 
such being found of earlier than tertiary origin, but as 
the notice is quite incidental, and has reference to a 
different subject, and is moreover very brief, we can- 
not, without further explanation, accept it as authority 
in contravention of a law which otherwise appears uni- 
versal. 

Cfnuimf in Poggend. Ann. 1828, vol. xiv. p. 259. 
Skwe, In Poggend. Ann. 1826, vol. vii. p. 348. 
Meyer, in Poggend. Ann. 1839, vol. xlvii. p. 192. 
Itedtenhacher, in Poggend. Ann. 1839, vol. xlviii. p. 494. 
SchiU, in G. Leonhard'8 Beitr. 2. miner, Eenntn. von Baden, 

1854, vol. iii. p. 59. 
Schmidy in Poggend. Ann. 1853, vol. Ixxxix. p. 296 j v. L. u. 

Br. Jahrb. \m^, p. 845. 
Jenzschj in the Zeitschr. d. d. geol. Ges. 185G, p. 1G7 j and 

Poggend. Ann, toL zclx. p. 417. 
V. SMy in the Z^tschr. d. dC geoL Gee. 1866, p. 291, and 1860, 

p. 29. 

Etigelbachy in the Ed. z. geogn. Karte v. Heeeen, Sect. Schotten, 

1«50, p. 45. 

I'iscJier, hie Trachyte iL Phonolithe des Hohgaues, v. L. Jalirb. 
1862, p. 356. 

luwit/wkburfff Analysen von Phonolithen, Zeitsciir. der d. geoi. 
Gea. 1862, vol. xiv. p. 760. 

V, I^rUaeh has lately set up a distinction between nepheline- 
phonolite, nosean-phonolite, leucite-phonolite, and felspar- 
phonolite, Neues Jahrb. fur Mineral. 1866, p. 663. 

2. Plutonic. 

Granite is the principal rock of the plutonic division of 
the acidic igneous rocks, as trachyte is of the volcaniq 
division of the same rocks* 
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The other plutonic rocks rich in silica may all be classed 
with p^ranite as subordinate varieties of the same com- 
j)ouiid. The principal of these are quartz-porph yry, 
felsite rock, and jntclistone, all of which maj be almost 
regarded but as different states ot the same substance, 
bearing somewhat the same relation to granite as the 
rhyolites to the trachytic rocks. We therefore describe 
them all as granitic igneous rocks, although the idea of 
a granular texture is usually conyeyed by the name of 
granite. 

In the composition of all these rocks, orthoclase, or an 
orthoclastic substance, is predomiiuuit (frequently asso- 
ciated with other felspars), and is combined with quartz, 
mica, chlorite, talc, some hornblende, &c. ; never with 
au^te. 

The various combinations of these mineral ingredients 
give the following specially named rocks each with their 
subordinate varieties. 

1. Granite. A compound of felspar, quartz, and mica ; 
granular, and sometimes also porphyritic, or other variety 
of texture. The following are varieties in composition : — 
protorrine, syenite-granite, schorl-granite, adularia-granite, 
gran kite, ferruginous granite, graphite-granite, beresite, 
apiite. 

2. Granitic porphyry and (so-called) syenitic porphyry. 
A rock containing the same ingredients as granite. The 
matrix is usually compact, enclosing distinct crystals or 
grains of felspar, quartz, and mica, or chlorite. 

3* Quartz-porphyry, A compact matrix of the same 
chemical composition as granite, with separate individual 
crystals of felspar and quartz. 

4. Felsite rock, or petrosilex. The matrix of quartz- 
porphyry without its crystals. 

5. Pltrhstone and pitchstone-porphyry. The same sub- 
stance as the above in a vitreous state, sometimes with 
crystals of felspar and quartz. 

It may appear to be inconsistent to treat the four last- 
mentioned rocks as distinct species, instead of mere varie^ 
ties of the same species, as in the case of the rhyolites in 
the trachytic group. Our only reason for a difFerent 
treatment is, that in general they are capable of bcii^g 
more easily diaiiuguished from each other. 
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16. GRANITE. 

Granit. (Ofrm,) 
Granite. (i'V.) 

A cryttalline granular compound of felspar ^ quartz^ and 
mica* In certain varieties there occur chlorite, talc, 
hornblende, and schorl. 

Spec, pav 2-6— 2-7 

Contmiu alica 62 — 81 p. c. 

The several mineral grains or particles are firmly knit 
together by their crystalline surfaces, A\4thout any unitin^^ 
medium. They are of a size to be individually recognised, 
but their size is very various, and the rock is accordingly 
coarse-grained, fine-grained, or medium-grained. The so- 
called giant granites have grains larger than a walnut, 
other varieties not larn^er than inus<ta-rd-seed. If the 
grains are so small as to beecniie indistinct, and the rock 
assumes a compact texture, then it is no lunger granite 
according to the usual meaning of the term. 

We shall treat of these compact states hereafter under 
the names of felsite rook and petrosUex ; they fonn states 
of transition between granite and other rocks. 

The felspar is nsuuly the predominant ingredient, and 
the mica occupies the smallest place in granite. 

The felspar is chiefly orthoclase, very often accompanied 
by some oligoclase. Oligoclase alone has not yet been 
observed with certain t v. It is also uncertain if albite or 
iabradorite ever occur in the granitic compound. 

The orthoclase is somewhat various; it is usually the 
common opaque species of yellowish-white or reddish 
colour ; more rarely grey or greenish. At many places 
(as, for instance, in the central chain of the Alps), it is 
principally that transparent vitreous variety, frequently 
split and cracked, which is termed adularia. The ortho- 
clase of granite is most readily to be distinguished from 
the oligocla.se by its fresher state, its mother-of-pearl 
lustre, and simple twin growth; whereas the oligiu lase is 
somewhat of resinous lustre, and has delicate parallel 
strisB arisiniT from multiform twin growths, or it is more 
decomposed, dull, paled in colour, or even transmuted 
into a totally different substance resembling steatite. 
Sometimes a tiiin coating of oligoclase is found incrusted 
round the grains of orthoclase. 
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Orthoclasc not only occurs as an ingredient in the 
normal granitic conipounti, but sometimes prominently in 
distinct twin crystals imbedded in the granitic mass, in 
Avhich case the rock is termed porphyritir qranite. These 
crystals are sometimes several inches long, and they enclose 
particles of quartz and mica, so as to form inside the crystal 
small kernels or parallel streaks of iine-grained granite. In 
the granite of the Fichtelgebirge» very large twin crystals 
of orthoclase are sometimes found broken, their several 
parts lying imbedded close together, just as in the case 
of the sanidine crystals of the IJrachenfels trachyte. 

The quartz in granite is seldom in the form of perfect 
crystals ; it usually forms grains of irregular shape, or 
masses grown in with the other mineral ingredients of the 
granite, chiefly with the felspar. It is tolerably trans- 
parent and colourless or white, dark-grey, vitreous, most 
easily recognisable by its hardness. The granite of Kum- 
burg in Bohemia contains a dark-blue variety of qiiartz. 
It is remarkable that this, the most difficult of fusion of 
all the ingredients of granite, is often found hemmed in 
between the felspar and mica, and to have received impres- 
sions from the felspar at least ; whence it follows that the 
quartz nnist have suiidified somewhat later than it. 

The mica of granite occurs in the form of thin laminai 
or small hexagonal plates, whose cleavage-planes lie in 
various directions, and therefore do not occasion a foliated 
texture. Sometimes they are clustered in small bunches ; 
or sometimes long continuous rays of mica run through 
the whole rock. Most usually it is potash-mica or mag- 
nesiar-mica ; sometimes margarodite ; or lithia-mica, white, 
grey, brown, black, more rarely yellow or green in colour. 
Occasionally different coloured micas occur in the same 
rock, or a narrow border of white potash-mica envelopes 
the dark magnesia mica. But it is often difficult accu- 
rately to determine the species of mica in these tliin laminas ; i 
the easiest test is generally the optical. It is worthy of | 
remark that potash-mica and tourmaline (schorl) appear ^ 
only to occur (as original products) in plutonic-igneous 
or metamoiphic rocks, and in plutonic clj ke formations ; 
never in volcanic rocks. 

The ingredients which we consider as essential for 
granite are nevertheless sometimes replaced by others. 
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This Species of substitation occasions yarieties in composi- 
tion whicb will be more particularly described below. It 

occurs especially with the mica, whose substitutes are, talc, 
chlorite {in protogine), schorl (in schorl-granite), graphite 
(in cfraphite-granite), micaceous iron (ferriifi^nous granite). 

Suiiit'times a fourth ingredieut ap[)('urs in local but 
characteristic varieties of granite; e.g. hornblende (in 
syenitic granite) or pyrites (in beresite)^ 

The following minerals occasionally occur in granite^ 
but only as accessories ; viz., tourmaline, garnet (always in 
the form of trapezohedra), andalusite, topaz, bexyl, pinite, 
apatite, fluorspar, pistadte, corundum, zircon, titanite, 
^idolinite, orthite, pyrorthite, allanite, cordierite, magnetic 
iron-ore, tin-ore, mispickel, molybdciutc, and native gold. 

We find many transitions from granite into other rocks. 
These are partly occasioned by variations of composition, 
and partly by variations of texture. The accession of 
talc, chorite, schorl, or hornblende to the granitic com- 
pound occasions transitions into protoffine^ schorl rack^ or 
syenite. If the felspar of granite disappears, we obtain 
ffriessetif or if the quartz disappears, mica-trap {minette), 
or if the mica disappears, aplite, and a kind of granuUte. 
If the laminfls of mica assume a parallel direction, then the 
texture becomes foliated, and gneiss is the result. If the 
matrix of a porphyritic granite becomes very fine-grained 
to compact, then we have a transition to granitic porphyry ; 
and if in that case the mica also disa])pcars, then the rock 
becomes quartz-porphyry, Finally, if the whole granitic 
compound becomes very fine-grained to compact, then the 
rock is felstone. 

Varieties in Texture, 

(a) CoMXOW Grantcb. \ Coai86, medium, or fine-gtained, pro- 

CrTMvjyTAiVrnx^Tv.iOenn.) \ ])al)lv the most eitensivelv diffused of 

GuA^rrK COMMUN. (fr.; j j'^^^^ ^^^^^ ^ 

Ten' coarse, it is sometimes called giant granite. Trebendorf, near 
En^f^r. Ver}^ fine-frrained varieties, on the other hand, occur at 
Kerber.sdorf, near Efier, in Bohemia, at Welsau, near Kedwitz^ and 
in the Vienna paving-sstone. 

{h) PoBPHTRiTio GRAimx. \ The porphyritic textnre ifl iwually 
Gkbiros-ghahit, ». Ltenhopd, . cauBed Dy large orfihocliiae ciys- 
GRAmwBPHTBolDB. {Fr,) tals, moTe rarely by quartz crys- 

' tals. The principal mass is 
grannlar. Carlsbad and Ellenbngen, Ochsenkopf and Goj)- 
fersgriin in the Fi<'ht*'lp'obirp:e, cv:c. As a subvariety of this 
claaa, we may cite the rajypakivi of 1 inland, the principal mass 
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of which is usually much decomposed ; it (ui closes rounded nia.i8os 
of red felspar olteu half an inch acros:^, enclosed by orbicular 
envelopes of green oligoclase a quarter of an inch in diameter, 
(c) GvEissio Graniti!. ) A granite with foliated texture. In 
GNEifN-^iRANiT. {(;rnn.) '- a geologlcal point of viefw, mu^ of 
GBAium oNiflssiQUK. ^^^^ ^^^^j hsfi been called red 

gneisfi fnrneifsite), and which appears to be eruptive^ must be 
here included. Perhaps some <rrej prneiss tof\ 
id) Gbaphic Geanite. ] Tlie orlhoclase is alto^^ether predomi- 
8cB»Fi»KAiiiT. <.<^erm^ ■ n-jut in lar«.'-e crystals, and h penetrated 
GBA»rasoBAPBiQinB.(/y'.)j ^j^^ quartz according to a singular 

Cfystallographic law, so that in certain cleavage-planes it pro- 
duces figures resembling writing. The mica (usually white) is 
accumulated separately in groups. This remarkable yanety 

usually only forms subordinate masses or dykes of small extent 
in the ordinary granite or in gneiss or mica-schist, l)ut such 
dykes are very frequent, e.g. in the Schloitzbachthal, near 
Tharand, in Saxony. 
(e) Peg3JAI1XE. \ This rock Xauinaim separates from the 

. PwsBMAWP, iKBtniMwn. | graphic granite, and he understands by 
PBOMASi;//«%. {Fr.) I It; a yariety, yeiy ooaisely and irregu- 

/ larly constituted, of orthodaset quarts, 
and silvery-white mica. It oft^ contains tourmaUne, and 
occurs under the same conditions as the graphic granite^ and 
frequently together with it. 

This seems the proper place for certain other p-ranites of 
irregular composition very rich in feUpar. Some are traversed 
by dark continuous rays of mica, in others the felspar assumes 
a form resembling flowering stalks (Bkmangram^), 

Li the granite of Ballybrack, near Dublin, the mica (Margar- 
rodite) assumes this plumim form, occurrbg in branches of 
Prince of Wales' feathers^ one inch across and seyeral inches 
long. — Jt^8. 

The granites of this class are all of very small extent, and 
their particular character is probably owing to special circum- 
stances* They all usually contain many accessory minerals, such 
as albite, tourmaline, topaz, beryl, garnet, gadolinite, orthite, ftc 

They are sometimes so imbeaded between strata of crystalline 
schist that they can scarcely be regarded as of eruptive origin. 
(/) MiAROLTTE. 1 Is the name given by Fournet to 

Jbtro^*"^' .^bwSMf^ (Fr^ J ^ o^'*^^*^^^ p'fmite, rich in oligoclase, 
MXB, • ^ *^ J in the neighbourhood of Lyons, and 

at Baveno in the Alps. 

The following are varieties in composition ; in them 

we find many of the Yarieties in texture repeated* 

A granite which contains talc or chlorite 
or decomposed mica instead of the usual 
mica. It is very extensively developed 
in the Western Alps. In the Erzgebirge much of the granite 
lying between Schueeberg and Eibenstock contains no mica, but 
in its stead siakin-greeu talc, which combined with ilesh-red 
folspar and white quartz giyes that rock a siDgnlar appearance. 



(^) Pbotogine. 

Pbotogin. (Ci'«nii.) 
Pbotooimb, JurffM. {Fr.) 
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(A) SxENinc Oraxite, panite with hornblende. K the quartz and 
mica gradually diminish and finaliy disappear firom the granitic 

compound, then the rock passes over into n syenite. Svenitic 
granite is oft< ti porphyritic, owing to the presence of larpre 
crystals of orthoclase. It is very abundant near Moritzbnrj^ 
and Meis««en, in Saxony, The greate r part of what is usually 
called syenite properly belongs to this class, especially those 
syenitee which eontam quartz or mica aa characteristic in- 
gredients. But there ia no definite houndary between ayenitac 
granite and ayenite. 
(i) SCHoRLACEors Oraxite. ] Granite ^vithachorl in the place of mica, 
ScHOBLQRAxtT. ((?«•»»,) I usuallv tine-prained, aud fbnus veins in 
HrxuLUAKTm, PtsanL j ^^j^^.^. . ^'^j. i„stance, near I lei- 

delber^' and near Predazz(i in Tyrol (very chai'iicteristic) : the 
latter is a compound of orthoclase, quartz, and schorl. 

The name Liixullianite has been proj)08ed by M. Pisani for a 
porphyroidal granite^ in which the mica is replaced by tour* 
maline^ 'because it is found in the parish of LuzoUiani* in Com- 
walL 

(k) Advlarta Granite and Abflarta PROToeiNE. > With adularia 

ADULABORAJrrr und ADLLARPHunxilN. {(ienn.) \ \-[^ the plaCe Of 

the ordinary felspar ; very extensively developed in the Alps. 
if) Gkanitixe. \ Is the name proposed by G, Hose for all 

Gbairxit. (Oerm.)j granites containing much oligoclase with 
red orthoclase, quartz, blaclddi-^reen magnesia-nnca in small 
quantity, and no white mica. This rock forms the principal 
materied of the Riesen Oelnrjfe; it occurs in the Brocken of 
the Hartz Mountains, Brixenm the Tyrol, v^c. In compoailaan 
it is identical with the mariolite of Foiimet. 
(m} BuMBrRG Granite. \ With blue quartz, occurs at lUim- 
Ri MiiCROERGRANrr. Werm.) j bvurg in Bohemia, also at Pic Blanc 
in the Monte Rosa chain, 
(n) Graphitic Granite. \ With graphite in the place of mica, 

Orafbrobakit. (Ora.) ; 0, g. near Passau, on the Danube, 
(o) FBBinreiNOTra Gbajote. \ With micaceous iron instead of the 
EisEXGRANrr. {Oerm.) ] ordinary mica. Occurs at several places 
in the Fichtelgebirge^ also in uon-mines near Bossenheim in 
the Odenwald* 

(p) Berestte. I A granite containinij pvrite,^ nnd very little 

BEiLKarr. {Germ.) ] mica ; forms coniiderabie dykes in the clay- 
slate near Beresowsk in the Ural. These dykes are themselvea 
traversed by quartz veins containing gold. 



(;) Aplixb or SxHi-aBAKTEB. ^ Is the name given to a Tariety 
Apltt Oder HALBGBAior. (Oerm.) ] of very subordinate extent, 
consisting only of quartz and orthoclase, and therefore mine- 

ralogically alhed to granitite. 
Greisen might also be reckoned as a variety of irranite without 
felspar. It does actually pass over into granite. Its special 
geoToiri( al charaeiijr seems, however, to entitle it to be men- 
tiuiied as a separate rock. (See post, No. 50.) 
(r) ToNALiiE. } The name given by Vom Bath to the 

ToHAiiT, VtmRaiOu (<7erm,) i rock which forms the |Krindpal Tfm m 
of the AdameUo group of mountains in Southern Tyzoli and 
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which has liiiherto always been deacrihed aa giaaite. It la a 
dyataUine ^[mnular oom|K>iuid of tridinic felspar witii quaxtx, 
magnesia-miciv, and hommende. The triclinic felapar hdonga 
to an entirely new species not yet named. The quaita forms 
at least one-third of the "vrhale niflss. It contains as accessories, 
orthoclasc, ortliit''. titanite. and mafnietic iron-ore. It contains 
07 ptT cent, uf silica. Many dark-coloured concretions are 
contained in the rock. In Tyrol this rock has broken through 
the mica-schist. (Zeitschr. d. deutsch. ged. Ges. 1864, p. 249.) 

All the varieties of jTranitc are most commonly of irre- 
gularly massive or else of thick tabular jointed structure. 
By weathering, elliptical bodies are sometunes formed 
which fall off in concentric layers, the interior remaining 
fresh and finn. Granite is often found in large blocks 
and boulders on the surface of the ground. 

Granite is unquestionably one of tiie roost extensively 
prevalent of rocks, and its mineral compound, wliich is 
also that of gneiss, is without doubt the most important 
and frequent of all the rock substances of the earth. 
Moreover, we find granite in all regions of the globe 
assume the same or analogous bedd[ing in relation to 
other rocks. It frequently occupies extensive tracts, and 
sometimes forms the backbone of whole mountain re- 
gions. It also frequently forms dykes, and these some- 
times penetrate the larger granite masses (from which 
they may be distinguished hf their texture) ; sometimes 
the crvstalliue schists or older sediinentarv formations : 
granite dykes having been exceptionally found as late as 
the Jurassic formations, e. g. in the Alps. The greater 
part of the granites accessible to observation appear, 
however, to be older than the coal formation, and to be 
of deep plutonic origin. These granitic dykes are occa- 
sionally accompanied by so-called contact formations; 
such as friction breccias ; silicification of the neighbouring 
rock ; chiastolite-schist ; nodular schist (see post, p. 257) ; 
granulation of limestone, &c. 

Tlie usual bedding* of granite, and its relation to the 
bedding of adjoining rocks, iiTimistakably prove its erup- 
tive character, except, perhaps, in some special cases. 
Some doubts, however, whicii deserve our notice, have 
been raised as to its former state of igneous fusion. 

* The teim * bedding ' applied to igneous rocks, espedally to granitic 
rocks, must he takw as equivalent to ' mode of occurrence ; and ' emo- 
tive ^ as only meaning 'intrusive' or 'irruptive.' — TfiAK8X<iiioB. 
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These rest chiefly upon the fact of the quartz baying 
solidified later than the felspar and mica, and on the want 
of distinct traces of the effect of heat on the rocks which 

the granite appears to have broken through. These ob- 
jections, it appears to iis, inuy be satisfactorily answerecl 
hv supposing the griiuiu; always to liave consolidated at 
great depth, and under genuine plutonic influences, per- 
haps even with the aid of water. The great resemblance 
which granite bears to the trachytic rocks speaks, at all 
events, for a similar process of formation for both. 

That there are no new granites of volcanic origin is a 
necessary consequence of the assumed fact that the granitic 
compound can only have originated in the depths of the 
earth. We must likewise assume tlial (;i eat periods have 
elapsed in every instance from the time of tlie formation 
of granite roeks before they have beeoi nc exposed to view. 
We may well assume that the traehytcs represent the vol- 
canic part of the same igneous formation which gave birth 
to the granites. 

The name of granite (according to Emmerling's Lehrb. 
is Mineralogie) was first applied to rocks by Toumefort 
in the year 1698. But according to Breislack's Lehrb. 
d. Geologic, it had been used by Caesalpinus as early as 
1596. For a long time it was, doubtless, used to desig- 
nate every coarse-grained conipound rock. The meaning 
of the term was first more definitelv fixed ])v AVerner. 
It has from the first been felt to be a geological necessity 
to group with granite many other rocks bearing a close 
affinity to it, but it has ah\ ays been no less difficult to say 
where the line should be drawn. 

In 1849, 6. Bose proposed the following new division 
and grouping of granitic rocks (see Zeitsdur. d. d. geol. 
Ges. p. 352) :— 

1. C?ra»iV« (proper), esscntiallyconRisting of orthochise, white (potash-) 

mica, black (iria^-uesia-) mica, anil oligochise ; as accessories^ 
hornblende, orthite, titanite, apatite, and iron pyrites. 

2. Gmnitite, essentially consisting of orthoclase, oligoclase, quartz, 

and iiia^uteia-iiuca j as ac cessories, hornblende, orthite, zircon, 
titamte, pyrites, chalcopvrite, and molybdenite. 

Now 80 Bose MtaBell subdivides his granite (proper) into 
several varieties whose composilioii diifers as mu^ nom each 
other aa granitite from, granite, no sufficient xeaaon appears for 
this violent div^ion and new Tiomenclaturo. 

3. 8yetUU, essendaUy consisting ot orthoclase, oligoclase, hornblende. 
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innprnc5tm-micri, mid quarts j as acoBBSorieSy titanite^ apatite, 

magnetic irou-ore, &c. 

The dilFerence between tliis and the {rranitite also consists in 
the greater frequency of the liornblende, in ita beinj^ named as 
an essential instead of an accessory ingredient This is our 

Senitic granite. The ^nuine syenite of the Plauenschen* 
rund does not agree with this definition he^Buee it sL>ldom 
contains mica and, perhaps, contains no quartz at all, Theie^ 
fore Kose sets up varieties of composition differing, however, 
more from each other tliaii his syenite from granite. 

4, Porphyry^ essentially consisting of orthoclase, oligoclase, quartz, 

and magnesia-mica; as acceasories, cordierite, garnet, orthite, 
and pyrites, its essential difference iiom his granite or granitite 
consisting only in texture. 

Now, as oligoclase and mica entirely ftil in many rocks which 
Hose reckons as porphyries, he has been driven again to make 
yarieties which differ almost more from each other than his 
poi*pliyries from the other pranitic rocks. 

5. Syenitw Porphyry, witli a matrix enclosino^ crystals of orthoclase, 

oligocla^, magnesia-Tnica, and hornblende; as accessories, 
^amet^ nepheline, iiLaiute, quartz, maj^iiutic iron-ore, specular 
iron, and pyrites. 

This is a yery different rock &om that which has reoeiyed 
the name of syenitic porphyry eyer since Werner's time. It is 
o\a parphyritef which as we have seen may he divided into (A) 
a rock f'^-^f^ntially felspathic, (B) containing felspar and hom- 
hlende, and (C) oontamiug felspar and mica. 

The literature respecting granite is, as we might ex- 
pect, a very rich ooe — we will only cite a few treatises 
on the more special phenomena. 

G. BosCf On the Granitite of the Kiesengebirge, Zeitschr. d. d. 

geol. Ges. 1857, p. 513. 
CMfot, On the Rumhurg Gramte with blue Quartz. Erlauter. s. 

geogn. Karte v. Sachsen^ 1839, No. 3, p. 14. 
Fournety On Miarolit, M^m. siir la G^ol. des Alpps, part. 2, p. 24^ 

and Bullet, de la Soc. g^ol., [2] vol. ii. p. 495. 
Bothlinkffj On Rappakiri — a <^anite whicli, howevor, often 

contains no qnartz, and then is veiy similar to mica-trap. v« 

L. n. Br. Jahrb. 1840, p. 613. 
V. Ilosthorn and Canavalf On Albite-granitc itud Tourmaliu- 

granite in the Alps. y. L. u. Br. Jahrb. 1865, p. 584. 
v. Michthofenf On Qramtite, Tourmalin-'granite, and Tourmalin** 

syenite, Geogn. Beschr. yon Sud-Tyrol, ISBO, pp. 108 and 

148. 

Axel-GadoUn distin^niished two kinds of granite dykes in tlie 
gneiss of Ladoga Lake, viz. : older dykes, with albite from 
two of more recent formation, containing much oligocla^^e. 
Verhandl. der k. russ. mineral. Ges. zu Petersburg, 1857-8, 
p. 85. 
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Smiherg comes to the conclusion from analyais that hesides 
orthoclfwe other orthoclastic felspars occur in granite. Joum. 

f. prakt. Them. 1844, vol. xxxi. p. 1(^1. 
Delesse distin'riiish«'s in the Vosges Mountains protogine from 

*Graiiiti' svenitique dt-s Ballons.' Bullet.de la fcJoc. g^L 

1852, [2] vol. xi. p. 404. 

Also, * Granite des Ballons,* ' Granites des Vosges,* and 

'FiloDS de Granite.' Ann. dee Mines [5] vol. iii. p. 969. 
On the Pegmatite with Tourmalin of Saint £tienne in the 

Vosges. Ann. des Mines, 1849, [4] vol. xvi. On Pegmatite 

of Ireland. Bullet, de la Soc. g^ol. 18i>3 [2] voL x. p. 508. 
Mawihlony Quart. Joum. Oeol. Soc. 1856, vol xii. p. 177; 

and 1^^58, vol. xiv. p. .*^iOO. Addrera delivered beior© the 

Geol. Soc. of Dublin, 1802. 
JR. Scott y The Granites of Donegal. Joum. of the GeoL Soc. 

of Bablin, Toi ix. p. 285. 
iSbftMrar, Granite Tyrols. Jahrb. f. Min. 1864, p. 885. 
Sir TV. E. Loffmi, Classifical^on of Eruptive Bocks, Hep. 

GeoL Siirv. Canada to 1803, p. 645. 

G. Leonhard distin^ishes between older and newer granite 
veins in the Ileidelbexg mountain granite. Gegend um 
Heidelberg, 1844. 

Bumeuy On Granite formation. Zeitschr. d. d. geoL Ges. 
1801. p. 90. 

C. J2flSMf , Uher die kmtallinidchen Oeetdne des Riefl* Jahrb. 
flir Bfineralogiey 1863, p. 169, containe many new analyeea 
of granite. 

U Helmersen has described the Rapjyakioi of Finland, of which 
the Ah'xander column of St. Petersburg is formed, as a pw- 
phyritic granito with n ticsh-red felspar predoiuinfint. 

Urtfison treats of the sunpjised neptunic origin of ^Tunito in the 
Edinb. New Philos. Journal, 1801, vol. xiv. p. 149. 

Tuchs on the granite of the Hartz in the Jahrb. fiir Mineralo- 
gie, 1802, pp. 709, 807. 

H, O, Scrbif, On the Microflcopical Structure of Mount Sorrel 
Granite: Proc. Geol. and Pulyfr li. Soc. W. Hiding of 
Yorkah., 1863-4, pp. 301-4. On the Microscopical Structure 
of rrvHln1<!, indiciitinpr tho Origin of Minerals and Hocks: 
Quart. Jouru. Geol. Soc. 1858, vol. xiv. p. 453. 

Sorby and (later) Zirkel have made interesting dis- 
coveries hj microscopic analysis of granites and several 
other igneous rocks. 

The quartz and the felspar of Granite are found to en- 
close numerous very sm.ill vesicles filled with water and 
air, and also many minute partielcs of glass. The quartz 
also contains some very minute crystals of fels{)ar. The mi- 
croscopic structure of the Trachytes very closely resembles 
that of the granites ; their compact matrix Zirkel recog* 
nised as a compound of felspar and quartz. In the compsuct 
mass of fresh Basalt he recognised a compound of felspar 

P 2 
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and magnetic iron-ore with very little olivine, and traces 
only of angite. The vitreous mass of Pitchstone resolved 
itself under the microscope into a confused compound of 
Tery delicate acicular crystals. The same thing with 
Obndian^ Even the newest Lavas exhibited in their 
mass yery minute pores filled with water. 

17. GRANITIC PORPHYRY and SYENITIC 

POKPHYRY. 

Granitporphyb und STENTTPOKpnYE. (Germ.) 

A compact or Jim^axaed felsitic base, enclosing crystaU 
or crystalline grains of felspar, quartz, and mica, or 
chlorite* 

Spec. piv. ^ 2*6—2-7 

Contams silica 61 — 64 p. c 

The matrix is yellowish, brownish, or dark green. 
"When not quite compact, its material may be recognised 
as consisting princijially of felspar, combined i^'ith quartz, 
mica, or chlorite iu small proportion. The presence of 
chlorite occasions transitions into porphyritic granite or 
protogine ; but in distinguishing and naming these transi- 
tion rocks, their geological relations must always, to some 
extent, be taken into account. 

The distinct crystals of felspar are very numerous in 
this rock, and arc usually of large size. They are for the 
must part twin crystals of orthoclase, and these are often 
coated with a different species of felsj^nr, probably oligo- 
clase, crystallographically combined (grown together) with 
the orthoclase. There sometimes occur also separate and 
smaller felspar crystals and grains ; these latter, as well as 
the crust of the larger crj stals, show delicate stripings, , 
and therefore both, probably, consist of oligoclase. 

The quartz most usually forms small grains or crystals 
of a smoke-grey colour, often, however, larger diplohe- 
drons (which were formerly mistaken for double pyramidij; 
very distinct and prominent. 

The dark mica usually only occurs in small delicate 
flakes or thin hexagonal plates. If the rock contains 
chlorite instead of mica, as in the variety termed syenitic ' 
porphyry, the chlorite forms small dark green scaly grains, 
or else it is intimately blended with the nmtrix, to which , 
it imparts a green colour. 
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The above-mentioned modifications give rise to several 
varieties of the rock, 

VarieHes in Texture. 

(a) GoMKOir Obaititi-porphtbt. The matrix is compact through- 

out ; often daric-coloured. It contains separate crrstab, grams, 
or lamin» of orthoclase (and sometimes oligoclase), quartz, 
and mica. If the mica fails^ the rock passes into ordinary 

qn;yrt7-y»orphyry. Frequent in the Tlinrlnirian Forest, e.pr. 
near ^cimiieclet'eld, aud in the Druseatkai, wkere it forms dykes 
of great thickness. 

(b) G&AJ^ixic GRAJNiTJS-PORPHTBT. ) The matrix resembles 

G'BAMirjLRHucRBR Qbantipoiipstb. (0erm.) ) in part a fine-grained 

granite, but distinct crystals of orthockse, and large grains of 
quartz, and also Iftminff^ of mica, are separately and prominently 
developed. Frequent in the neighbourhood of Schellerhau and 
Barenburg in the Erz^rehirge. The composition of this rock is 
very similar to that of poiykyritic granite. The geolorrical 
charac ter iu these doubtful cii/^es should determine the nomen- 
clature of each particular rock. 

At Niederschuna, near I reiberg, where a rock belonging to 
this class forms a vein in oneissy it contains large light- 
coloured twin ciystak of ortboclaseywhose exterior appears firesh, 
but inside each crystal is a decomposed nucleus frequently 
changed into a greenish substance like lithomarge. It would 
almost seem as if the nucleus of the orthoehuse crystal had 
originally coui^isted of oligoclase or a compound of oligocla.'^e 
and quartz. Tlie niagnificent columnar ^ranite-poipliyry of 
Altennain, near T Vankenberg, in the Erzgebirge, is a rock of the 
same class^ but ilie orthoclase crystals do not exhibit the same 
phenomenon as those of Niederschona. 

Near Liebenstein in the Thurtnp;ian Forest^ a granitic 
porphyry traverses and forms dykes m the ordinary granite. 
It possesses a very fine granitic matrix, and very distinct 
white cr}'stals of orthoclase, with brown edges ; also dark spots 
or fra{z:nient8 ( which are still compact) of greenstone which 
the porphyry has broken tlirough, 

(c) Micaceous GRAKiXE-POKruYRT. \ This rock, which Kit- 

O wMMBBim caBB GRAyrrpoBPHTR, ((Arm.) \ tel first described under 
the name of granitic porphyry, and which occurs at Aschaffen- 
hurg, interposed between syenite rocks, consists of a fine-grained 
to compact felsitic mass' rich in mica (a kind of minett^) in 
which numerous grains or crystals of quartz and somewhat 
fewer, but much larjrer crvstala of feldspar are imbedded. 
According to Kittel, tlie quartz crystals often show prismatic 
surfaces. The orthoclase crystals are partly sinprh:, puttly 
twins, very fresh, without marginal crust, aud have well-defined 
edges, hut strange to say, completely rounded off, so that their 
cross-section always appears elliptical. 

(d) Chloritio Gbanite-porphtbt. ) Often called ^s^entSftcpor- 

CiiLoiimacBBa GBAmxpQBFaTa* iOtnn*) i ph^ffy^ probably because 
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the particles of chlorite which it contains have been mis- 
taken for hornblende: hut in some places tlie rock appears 
actually to contain .«)ui*' liuniblende as an accessory. The 
matrix is compact or finc-^nained, brown or dark green, 
often very rich in q uiutz, and contains chlorite, and some- 
times mica also. Tne chlorite forms little flakes or grains, 
the quartz is in the form of diplohedions, and the twin 
crystals of ortboclase arc sometimes more than an inch lon^. 
In the syenitic porphyries of the Erzgebirge (the rocks ori- 
ginally m namea by Werner) these orthoclase crystals are often 
enveloped in an ontcr coatin<_' of oligr>clase, of nhout one-tenth 
of an inch thick, showinjr di.stinrt twin stripings. The oli- 
p*oclai?e is sometimes lighter in colour than the orthoclase 
(greenish-yellow) sometimes darker (brown), and it is gene- 
rally mora decomposed than it. This rock near Frauenstein 
and Altenheig has broken through gneifla, mica-schist, granite, 
and qiiartz^porphjry, and forms xery important and exteuATe 
dykes in those rorks many miles in length . Near Frauenstein 
it contains, according to Kube, about (U p. c. of silicn, 

Naumann has described a rock of somewhat dillrrcnt cha- 
racter under the name of green porphyry. It occurs in the 
neighbourhood of Wurzen in Saxony, where it forms small 
xocKjr hills. Its matrix is dark-^en, probably from chloiite, 
and it also contains some magnetic iron-ore. 

Dr. Kubc determined its proportion of silica at about 61 p. c. 
This rock is likewise more recent than the quartz-porphyzy of 
the same district. 

(e) The Base or Mother Eock of these Porphyries occasionally 
occurs free from crystals (towards the outer margin of the 
rock), and it then assumes very much the character of a fine- 
grained granitei poor in mica and rich in chlorite. 

All the above-named varieties are most usually massive, 
' but sometimes of columnar-jointed structure. They form 
great mountain masses or thick dykes. There are no 
vesicular or amygdaloidal varietiesj or tufa formations of 
rocks belonging to this group* 

Iteferenfes, 

Z/rly-l Geogn. Verb. d. Ump*. rort AsrheffoTihurg, 1840, p. 30. 
J\ autiiannf Erlauter. zur geogn. iiarte von ISachsen. 1836,^o. 1. 
p. 139. 

18. QUAllTZ-POEPHYEY, ELVANITE. 

QuARZPORPHm. (frcrm.) 

POBPHYBS aUABIZXF£&£y ElV AN. (Fr,) 

A compact felsitic mass as matrix^ encloBtng crystals or 

crystalline grains of felspar and quartz. 

Spec, grav '2 b — 2 6 

Contains silica • • • • • 70 — 81 p. c 
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The compact matrix of the quartz- porphyries consists 

principally, if not altogether, of felspar ; this is sufficiently 
proved by its hardness, weight, colour, as well as by 
chemical analysis: and from its com]>nrtTiess, its large 
proportion of silic-a and the crystals of orthociase which are 
imbedded in it^ we conclude that it most probably consists 
of orthociase. Its proportion of silica is, however, too high 
even for orthociase, and it is therefore probable that some 
quartz is intimately combined with the felspar. If this 
be the case, it would not alter the fusibility of the rock 
before the blowpipe. An intimate compound of fels])ar 
and quartz melts almost as readily as felspar alone. The 
colour of tlie matrix generally varies between yellowish 
and reddish, but sometimes goes over into brown and 
grey, auci even to white* Exceptionally, also, violet and 
green varieties occur. 

The state or texture of the matrix varies somewhat, 
and the differences are partly original, partly occasioned 
by decomposition and weathering. Sometimes it is quite 
compact like homstone, with a smooth conchoidal frac- 
ture ; most usually it is compact with uneven dull fracture, 
which appears to be the sign of transition towards a crys- 
talline state; finally, it is sometimes rough and dull, 
almost eartliy, which is a sign of commencing decompo- 
sition (kaolinibing of the felspar). Owing to these dif- 
ferences of texture or state, the substance of the rock 
itself was formerly regarded as varying essentially, and it 
has been so described, whence the names of homstone* 
porpkyrtff feUtone^porphyryy and clay stone-porphyry^ or 
even clay-porphyry. The differences, no doubt, exist, 
but they are only of a different arrangement of particles, 
or of decomposition of one and the same substance. This 
matrix of the quartz-porphyries, which sometimes occui-s 
as a separate rock without crystals, has received separate 
names, such felsite or felsite rocky eurite^ petrosilcx, and 
hdlleflintay hence also the names oi fehite-porphyry and 
eurite- porphyry. It is seldom or never of vesicular or 
amygdaloidal texture* 

In genuine quartz-porphyry, felspar and quartz are 
the only crystsJs which are porphyritically developed. 
K mica or chlorite occur in addition they constitute a 
transition into granitic porphyry. The felspar is usually 
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orthoclase, and from its twin growth is usually very dis- 
tinctly to be recognised; sometimes, also, oligoclase or 
sanidine occur. All these felspars where lliey occur por- 

phyritically are very distinctly and sharply developed, 1 
and are easily distinguished IVom the matrix. > 

The crystals of quartz are white, grey, or almost black, 
but \vithal froquently transparent ; they are small, seldom 
larger than the size of a pea; they form either sharj)- 
edged diplohedrons (without a trace of prismatic surface), 
or they are more or less rounded off at the edges and 
angles, or finally they form mere rounded grains without 
cpystal surfaces* The rounding of these crystals is some- 
tunes so remarkable that it has given rise to the idea of 
their having been actually rounded by friction, which in j 
genuine porphyries can hardly be the case. The number 
and proportion of the quartz crystals contained in the 
matrix, as also that of the felspar crystals, is very variable, 
and sometimes diminishes even to total disappearance, so 
that transitions take place into the quartzless-porphyrite or 
into felsito rock ; but (piartz-porphyr}', although poor in 
quartz, is nevertheless always to be distinguished from 

Genuine porphyrite by its far greater proportion of silica. 
!he quartz-porphyries on an average have more silica 
even than the granite, just as the rhyoHtic division of the 
trachytes contains more silica than the trachytic. There 
is scarcely any j)etrographic difference between many 
quartz-porphyries (especially if they contain sanidine or 
oligoclase) and some kinds of trachyte-porphyry. They 
are sometimes so much alike as not to be distinguished 
from each other in ordinary hand specimens. In such 
cases the character of a given rock can only be determined 
geologically, and ascribed to the granitic or the trachytic 
group respectively, according as it occurs in a granite or 
trachyte district, or from its relation to some roci cof more 
distinct character to which it may be traced by transitions. 

Smaller crystals or particles of quartz, but large enough 
to be discovered by the eye or with an ordinary lens, are 
often interspersed in the matrix between the larger and 
more distinct crystals of this rock. 

The quartz-porphyries seldom contain any accessory- 
ingredients properly so called, and where such do occur 
they are probably only of secondary origin^ products of 
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transformation, or new iormation; thus, for instance, pinite, 
talc, lithomarge, chlorite, pinguite, pyrites, and specular 
iron. But in veins or in clefts, nests or concretions in 
the rock, many minerals are frequently found, such for 
instance as quartz, homstone, chalceaony, agate, opal, 
lithomarge, calc-epar, brown-spar, fluor-s[Kii, barytes, 
specular iron, and deudritic pencillinixs of oxides of iron 
and manganese — all which appear to be secx)ndary for- 
mations caused l>y secretion from the rock's mass, or by 
infiltrated solutions. 

The porphyritic texture of the rock is sometimes united 
with a fissile or fine laminated structure (riband-porphyry, 
band-poiphyry) ; also sometimes with geodic structure 
(millstone-porphy ry ), or else with spotted texture — or there 
lie dispersed through the rock's mass smaller or larger 
felsite balls (pyromeride). 

Varieties in Texture* 
(«) GoxHoir QuABTSE-poRFHTBT. ) oompsct matrix and 

GKMKTN'Eti QuARZi'OHpnYn. (Germ.) \ p^t-liirtf folftiiAi'MlilflllliTfey 

(«) Momdone-porphi/ii/ (llomfiteinporphyr, Germ,} Elyan, 
Fr.). 

0) lu Ume-porphifry (Feldgteinporphyr, Oerm, i P^troflilex, 

Fr.). 

(>) Clay stmie-pfyfphf fry or ArgUl(^)hry (ThnnateinjKttpliyr 
oder 'riiiiiiporph yr, (imn. ; Arfriiopliyre, i^.). 

All frequent, in the Tliuriu^an Forest and near 
Meiijsen, and near Tharand in Saxony. 
% Striped Porphtby (Slaty | Compoeed of ^ thin layers of 
Pobphtbt). [ somewhat disaunilar texture or 

scmEFRiGEHroninYrt.sruAiKN'. r colour; hence the fracture ep- 

PAtbosilbx RUBAK& (iV.) ) P^ars to be stnped like a nhand, 

and the rock splits more easily 
in the direction of the layei-s than straii'-lit across. The layers 
are often much bent and twisted. M«»h(»rn near Freihergr; 
Winterstein in the Thuringian Forest, Wachenberg in the Oden- 
wald. 

(e) Spoxted Pobphybt. I Contains wonn-shaped spots of dif- 
FucKENFORPHYR. ((TmR.) ' fereut coloiuT and texture fiom the 
matrix. This variety has ako he^ called Kattnn-porpbyiy* 

Leukersdorf near Chemnitz, Saxony. 
(<0 PoBOUS, Cavtirxous, or \ A rock penetrated by niimerons 
Millstone PournYET. ( small irrejjrular caAities or ^eodes, 

^" !^.!f.f * "'^^^i"'^"' Oder Mum.- f -which are seldom vesicnlar, more 
aiBtMPOBrani. (C^rw.) ) ^j^^^^^y ^j^g ^^^^^ weathering. 

TannebergBthal in the Erzgebir^re, Hegenberg near Frie- 
diichsroda, in the Thuringian Fore^it, where it le combined with 
pyromeride. 
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(e) PrBOMERiDK ( HALL-r()KriivitY).\ Th'us nick ill addition to the 
KuGKLiDiu avii Oder Pyiiomkjuu. ( viPiial quartz crystals, contains 

pyaiSSIuMs, ifoiOtffv. [ felsite (either small 

' and numerous, or large and 
isolated. THe small balls aie frequently marked internally 
mth ladial streaks. The interiors of the larger ones are usaally 
^tt after tlie manner of se^taria, or they contain a geodie 
cavity. The clefts or cavities in the balls are wholly or 
partly filled with honistonc, chalcedony, agate, quartz, ame- 
thyst, calc-spar, fluor-spiir, micaceous iron, S:c. Tliese balls, as 
we havi' aln-adv mentioned, frequently occur in combination 
with a geotlie structure of the matrix, l^genberg and Schuee- 
kopf in til u l iiunugian Forest, the island of Cornea. 
(/) PoEPHT^T WITH ) Foims a tranation into felsite rock 

. (petrosilex) or into porphyrite. The 
matrix alone, without crystals, is some- 
' times found towards the outer mar^n of 
masses of very distinct quartz-poq^hyries — thus e.^r. at the 
Weissritz, close above Dippoldiswalde in Saxony, The Frei- 
berg porj)hyry dvkes are also mostly very poor in cr^-stals of 
felspar aud quai iz, but they often contain, in their jstead, small 
Cttluc crystals of pyrites. 



FEW Obtstals. 

KBYSTAr.I.AHMKU POR. 

riiviL (derm.) 



Varieties in Composition* 

(j/) ORTnocLASE-QUARTZ-poEPHYKY. ^With orthoclase and quartz 
Obthoelas-quabiforphtb. iOtrm,) j ciystals only — ^very frequent. 
(h) 0cicH>ci.A8E-mrARTz-F0BPHTBT. i The rock contains cry stals of 
OLiooKLAa^uARzpoRnim (<?fr;«.) foligoclase in addition to the 
orthoclase and the quartz. The oligoclase is distinguishable by 
its twin stripings, its diflferent colour, or more advanced decom- 
position. Under this head we inchide, for instance, the brown 
orphyry of Manebach, in the Thuringian Forest, with its 
istinct orthoclase twin crystals of an inch long, containinir, in 
addition to these, numerous smaller crystals of oligoclase, much 
decomposed. Freauently the oliffodase is transformed into a 
yelIowish-f<reen substance resembling steatite. Hermsdorf and 
ScfaSnfeld in tlu^ Erzgebirge. 

Von Richtliofen discoveared certain porphyries at the Troflt- 
burg and Mont«' liocche, near Botzeii in Tyrol, which, in addition 
to their qiiart/., only contain crystals of oligoclase, and hisnally) 
some black mica, in a dark matrix, in tliu same neighbour- 
hood some porphyries contain quartz and orthoclase alone 
(at Bronzell and Pelegrin) ; others quartz, orthoclase, and some 
oligoclase (Gastelruth, Blomau, Hoch-Eppen). Perhaps the 
beautifol brown porphyries of Lehnau near Kemnath, and of 
Kronbezg near Erbendoif, are rocks containing oligoclase onlj. 
Their fetepar crystals are all decomposed, although the matnx 
is unusually fresh. 
(*) SAinDlN"E-QrARTZ-PORPTTTRY. ) Ts a name given by .Tenzsch to a 
SANiDiN-(jLAitzeoiu'iiYK. (Genu.) J vftri^'tv occurriug'at Zwickau in 

Saxony^ containing smiidine aud (quartz. To the west of Oederan 
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near Freiliergy there occurs a pcxrpiiyiy contamiiig crystals of 

ortboclase, sanidine^ and quartz. 

It would be impossible to instance liero nil loral differences, 
many of which only result from transmutation, or are to be re- 
garded but as acceR«*ory phenomena. Of this kind is the chunge of 
the felspar ci} stals into a greenish substance i^esembling steatite, 
occurring in a quartz-poi-phyry rock at theRa^lMcliliMScbeDy near 
Wemheiiii. Again, m a porphyry of Manebach^ near IlnienaUy 
rich in orthoclause^ all the quartz crystals are encrusted with a 
greenish-blue coating, probably containing copper ; and in the 
gold-contniiiing porphyiy of Csefutye in TvfHisvlvanin, the 
large diplohcdrons of quartz are very much rounded oil^ and the 
matrix very rich in quartz, &c. 

Quartz-porphyries are usually much rent by fissures, 
but sometimes are found of very regular columnar ur 
of tabular-jointed structure. Tliey are probably never 
gnarled or irreirularly splierical. They sometimes occupy 
connected regions of great extent, but in that case are by 
no means of uniform structure, consisting usually of many 
different varieties which penetrate and traverse each other 
in all directions, as in the Thuringian Forest, and near 
Botzen* They sometimeB again fonn isolated dykes in 
granite, gndss, &c. as near^reibeig. It is very rarely 
that they are found to have penetrated any more recent 
formations than ihc Devonian or Silurian. In Walden- 
burg in Silesia, however, they traverse the coal formations, 
and in t]>e Tlmringian I'orcst the Kotliliegende, but tliese 
are exceptional cases. Their comportment in this respect 
is similar to that of granite, and with the difference of 
their containing throughout a somewhat higher proportion 
of silica, they would appear to represent but the porphy- 
ritic state of that rock, since they actuaUy contain the 
elements of mica in small quantity. The compact state 
of their principal mass may to some extent be owing to 
their greater quantity of silica, but in all ])robability chiefly 
to their havino: originally cooled down more rapidly than 
granite, as is more especially likely to have been the case 
with the frequent isolated dykes and small masses of this 
rock. Quartz-porphyry as a rule, when found with granite, 
is more recent than the latter, bearing much the same 
relation to it as the trachyte-porphyries to the trachytes. 
Thus in Cornwall we find the quartz-porphyry or elvanite 
to have broken through the granite, and to form dykes or 
veins in that rock. 
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in part transmuted to orthocmse. Zeitschr. d. deut. geoL 
Ges. vol. xvi. p. '^07. 

Dch'sse, l\irphvry from lyescinca in Bel^uui, iiullet. de la Soc 
Geol. 1S5U [-j] vol. vii. p. olO. 

Jenzsvh, on Sanidiue-quartz-porphyry, Zeitschr. d, d. geoL Ges. 
1858, p. 49. 

V. MkHuhofen in the Zeitschr. d. d. geoL Ges. 1826, toL Tiii. 
p. 644; V. L. u. Br. Jahrb. 1859, p. 312; and geogn. Beschr. 

von Sud- Tyrol, 18G0, p. 112. 
Jlochniuth, the Porphyries of Halle in the Bergwerks&eund^ 

1?<47, vol. xi. p. 45(). 
Streng in v. L. u. Br. Jahrb. 1800, pp. 129 and 257. 
JI. Voyelmnq on the Pvronierides of Corsica (Berggeist), 18G2, 

Nos. 90 and 19 j Jahrb. fiir Mineralogie, 1863, p. 102. 

19. FELSTONE, FELSITE-EOCK AND FEL- 
SITE-SCHIST, PETBOSILEX/EURITE, |IAL^ 
LEFLINTA. 

Felsitfels TINT) FELSTTscHrRFEH. (Germ.) 

A rock of compact texture, about the hardness of felspar, 

with dull or smooth conchoidal or fissile fracture ; 

colour ytllowish, reddish, grey, greenish, or bluish, 

weathering white. 

Spec, grav/^ 2'5^2-7 

Contains silica • . • • 71 — 81 p. c. 

Gerliard was the first to clisco^•er that tliis rock, which 
we have already noticed as being identical with the ma- 
trix of the quartz-porphyries, consists chiefly of fels|)ar, 
and he accordingly gave it the name of felsite. Some 
years later^ Dolomieu surnmed that it contained the 
essential iiigredients of granite in a compact state, and 

* The name of petrosilex was first proposed by Brongniart, who 
applied it to felsite xockSi believing them to be identical with hom- 
stone. The name has stuck to these rocks in spite of the original 
error, and cannot well now be i^ored. Some authors, wishing pro> 
bably to correct the original misconception, hare, however, applied 
the nnme of petrosilex to homstone, but this is simply to create un- 
necessary oonfusion — ^better drop the name altogether. — Trlssla^tob^ 
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Daubisson proved it to consist of an intimate compound 

of felspar and quartz, and gave it the name eurite on ac- 
count of its fusibility. The same substance has als^o re- 
ceived the names of prtrosilex, and in Scandinavia Jiaiio 
JUnta, which are of earlier date than tlie names of felsitc 
and felstone. All the later analyses of this rock have 
confinned the fact that it contxiins both f( ]s])ar and quartz^ 
and besides these the elementary ingredients of some mica. 

In 1845> Durocher showed^ by comparing the various 
analyses, that felstone, or petrosilex, is of the average 
chemical composition of granite, even quantitatively ; and 
it may therefore be regarded as a cjrranite in compact 
state, something in the same way as basalt and a])lianite 
respectively represent the compact states of the dolerites 
and the granular greenstones. Now, this fact is of im- 
portance with respect to the process of granite forma- 
tions, since we know that felsite rock, although it contains 
q nartz, 5s as easily fusible as felspar alone. For we gather 
from it that the quartz of granite, when in combination 
with its other ingredients, might remain in a fluid state 
quite as long as the felspar and mica, so that the process 
of crystallisation of all might be contemporaneous, and it 
would then depend on the individual crystallizing force 
of each, which mineral would first develop its form. 
Quartz-porphyry, granitic-porphyry, and granite, with all 
theii* several varieties, are therefore products of essentially 
the same mineral dough, and probably they only differ by 
reason of slower or more rapid cooUng or slight variations 
in the proportion of the several ingredients. That this 
igneous compound has most usually resulted in granite, 
especially in great connected regions of its development, 
probably proceeds from the fact of deep plutonic solidifi- 
cation ; or Ave may reverse the proposition and stiv, that 
"wherever this igneous mass attained the solid state deep 
in the interior of the earth, granite, or a granitic rock, 
has been the result ; on the other hand, when it beenme 
solid at or nearer to the earth's surface, then trachyte 
(rhyolite) and trachytic lavas were its products. 

Felstone may be divided into two principal varieties, 
the massive and the schistose. It goes over on the one 
hand very frequently into quartz-porphyry, or less usu- 
ally into granitic porphyry ; and on ike other, it is con- 
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nected by stages of transition with granulite and gneiss. 

The rock called Wernerite we reckon to the first of these 
two divisions : it has the character of an eriipti\ e rock, 
whilst the foliated varieties of felsite are more closely 
connected vn\\v the nietamorphic crystalline schists, and 
may be regarded as compact granulite or gneiss. 



Varieties, 

(a) I elstone Propeb, or] Not fissile, usually of massiye jointed 

Petbosilex. I structure^ or yezy muck divided by 

Petrosilex. (Germ.) f clcfts and fissuTes. It is freqaeDtlr 
PKinosiLEx. Doiomieu. j continuous With porphyry, but 

sonintimes forming independent dykes 

in the same way a.s porp]i)Ty. liippoldiswalde in Saxony, 

Bellmannsloos, near Tharand. 

(b) Wernerite Kock. \ Is the name given by Jasche to a 

WfeRNBRrmu. (Jjj""') L compact compound of common felspar 
SKAPouT-ni& (/»».) j scsapolite (wernerite), with aooe»- 

sory admixtuies of graphite, magnetic pyrites, and iron pyrites. 

It traverses the ironstone beds of Bucheaberg at the Hartz. 

A similar rock, according to Axel Gadolin, occurs on the island 

of Pusu in the Lndoga Lake. 

(c) Halleflinta, or FELsrrE-scHiST.I Foliated or unevenly lami- 

Hallkfunta, Oder FELsiTscraEFEB. nated. Sometimes contains 

Hiii^xjoirA. (Fr.) ^ admixture of chlorite ni- 

/ timately Mended in its mass, 
and occasionally some mica. This rock is almost always found 
in parallel bedding with granulite or gneiss, into which it 
goes over by transition states. It is most frequently found in 
Sweden, and therefore, for the most part, should be con- 
sidered as belonging to tlie metamorphic schistous rocks, but it 
is not always pcsible distinctly to separate its dilferent forms 
of development according to origin. 

The schistous as well as the masdye varielies of felstone axe 
yery frequent among some of the older formations in the British 
Islands, making up whole mountain 

It is most probable that the felsitic matrix of the quartz- 
containing porphyries of the granite group, is somewhat 
different in composition from that of the porphyrites which 
are free from quartz. The former will always contain 
more silica than that of the porphyrite, and its felsitic 
constituent will partake of the nature of orthodase. This 
is our petrosilex. To outward appearance tliis difference 
is often scarcely appreciable, although the matrix of the 
porphyrites is usually (not always) darker in colour than 
that of the quartz-porphyries and granitic porphyries. 



Digitized by Googlc 



GBANITIC GBOUP. 



2S3 



Mcferetices, 
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xxxvi. p. 412. 
Svmberfff Yet Akad. Handl. 1850, p. 9. 

JTrntqltton, Joum. of the GpoI. Soc. of Dublin, 1867, [71 p. 283; 

and Phil. Ma^. 1857, [4] vol. xiv. p. 40. 
JaschCf on \\ ornerite rock, lynnfTtilofrisolie StudicTi. 1^.38, p. 4. 
u4. GadoUnj on \\ emerile rock, in the Verh, d. k. lluab. mineral. 

Ges. at St. Petersburg, 1867-58, p. 86. 

20. PITCHSTONE and PITCHSTONE^POR- 

PHYRY. 

pECTTSTEiy ulul PECHSTEiNPOKrHYR. (fienu.) 

The principal mass is homogeneous ; of vitreous pitch^ 
like appearance ; conchoidal fracture ; resinous lustre^ 
translucent at the edges ; very variousfy coloured, viz*, 
yellow, red, brown, black, and green; it sometimes 
encloses (porphyrittcally) small crystals of vitreous 
felspar, grains of quartz, and laminm of mica ; fre^ 
quently also balls of felsite. 

Spec. grav. . . . . . • 2-2— 

Contains silica 03 — 76 p. c. 

Pitchstone is evidently to be regarded only as a vitre- 

ous state of felsite rock, quartz-porphyry, or granite — its 
chemical composition being essentially the same as tliat of 
these rocks, except that it contains more water than they, 
sometimes as much as 6 p. c. This may he one cause 
of its vitreous state. Its colour is dependent on the rela- 
tive proportions which it contains of the peroxide or the 
protoxide of iron and protoxide of manganese. The first 
of these gives the rock a red or yellow colour, the latter 
green, grey, and black* In spite of its large proportion 
of silica, tUn spUnters of pitchstone melt easily before 
the blow])ipe to a white vesicular glass without intumes- 
cence. Formerly pitchstone was rcnjarded as an inde- 
pendent mineral, but it is clearly nothinir bnt a close 
compound of felspar and quartz, with which the elements 
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of mica are also combined. Recently it has been even 
doubted whether this compound is really an amorjAous 
vitreous mass, or only a very intimately blended crystal- 
line aggregate. It may be that this oj)lnion has arisen 
from some few fine crystalline particles which swim in the 
prevailing vitreous mass. 

Crystals of sanidine are sometimes found porphjritically 
imbedded in the rock ; they are small, but usually quite 
fresh, and are frequently coated Tnth a thin light-red 
crust, evidently caused by oxide of iron ; grains of quartz 
and laminsB of mica are also found, but more rarely, and 
are often similarly eoated. Instead of these crystals, or 
in addition to them, there also very frequently occur 
nodules or balls of felsite, very various in size and struc- 
ture. In the pitchstone-porphyry at Spechtshausen, near 
Tharand in Saxony, such are found varying £rom one-tenth 
of an inch to six inches diameter, consisting of compact 
felsite, and some of the very small balls of shining sani- 
dine. The larger ones occasionally contain veins of chal- 
cedony in, their interior; the grey pitchstone of Planitz, 
near Zwickau, contains balls of from one to five inches 
diameter veined inside in tlie manner of septaria^ the 
veins narrowing towards the periphery and filled with 
chalcedony and quartz. At the Fielitenmiihle, near 
IMeijs^cn, a yello^^nsh-brown pitchstone contains irregular 
nodules, whose size extends even to ten feet diameter, 
consisting of quartz-porphyry, with a matrix resembling 
homstone. It would almost seem as if these were frag- 
mients torn frc»n the adjoining quartz-porphyry (which is 
here traversed and disturbed by the pitchstone) and then 
roimded off in the convulsion. Near Corbitz, in the 
neighbourhood of Meissen, there is a pitchstone rock very 
much weathered, containing nodules from a quarter to 
three feet diameter ; these nodules (consist of a compact 
felsitic mass^ which itf^^elf contains other more ct)mj)aet and 
dark-coloured ball-shaped concretions of the same sub- 
stance. Similar phenomena with many modifications re* 
peatedly occur in the pitchstone of other localities. These 
nodules appear to answer to those in the pearlstone (sphe- 
rulites), which are smaller in size ; lihey are frequently 
coated with a deep-red crust or their surfaces much 
weathered. 
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The pitchstone of Planitz in Saxony is found to contain 

in some places small fragments of (so-called) mineral 
charcoal (a coal of woody texture without Lituuu n, and 
containing much silica) which indicate that the pitchstone 
has broken throufrli tlio coal fonnntion of that district. 

Scarcely any other minerals tlian those we have named 
are known to be similarly enclosed in pitchstone* 

This rock passes over into obsidian and pearlstone* 
By decomposition it becomes a kind of claystone rock^ 
which variety Naumann called Peekthonstezn (pitch-day- 
stone). 

Varieties in Texture, 
(a) Common Pitchstone. \ y various! v coloured. Ex.g. 

tl^J^^'JT^^ ) Triebiscli Thai, near Meissen, 
(fi) PiTCHSTONE-PoRPHYRY. ] Witli sanidiiK^ crystals. !Moliorn 

PBCHflTTEiKPORPHYB, {Germ.) I aiid Spoohtsliausen, between Frei- 

A rock of thia deficriptiQii is met with at Castelrutii in 
Southern Tyrol ; it contains a felspar resembling sanidine and 
round grains of quartZ| and t. Richthofen describes it as a 
quarts-porphyry. 

(c) ARGILLACEOUS PiTCHSTOXE. ] The Pitcli-claystone of Nau- 
PJ2CHTHONOTEIN, A'aumann, {Oerm.) l manii, a stage of deC0lM]>r>- 

ABonABtoiHim j giti^jj unlxequeut near 

Meissen. 

Pitchstone is for the most part of irregular massive 
Btructure* It usually occurs associated with qiiartz-por* 
phyries, and traverses them in d} kes ; probably, however, 
its geological age is not very different from that of the 
quartz-porphyries, and it would seem to bear somewhat 
the same relation to the porphyries as perlite and obiiidian 
to the trachyte porphyries. 

The viti'eous state of pitchstone is somewhat enigma- 
tical, inasmuch as that rock usntilly occurs ^vith rocks of 
decidedly plutonic origin, and moreover contains a large 
proportion of water : Bischof and J enzsch consider the 
glassy texture to be the consequence of transmutation by 
aqueous process, and only to be apnarently vitreous* 
But it is very possible that under speciai drcumstances in 
the interior of the earth, eruptive igneous masses may 
have cooled very rapidly, perhaps in consequence of the 
sudden accession of a large quantity of water, and so 
have become converted into a vitreous state cuntaining 
water. 

Q 
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JQior dimymd a Ibitammous iiilMtaiiee in pHchrtooe. 
Traiuact. of the Geol. Soc. 1811, yoL i. p. 278^ and Ann. d. 
Phys. et Chem. 1823, voL xxiL p» 44. 

Necher de Saussure. Voyages en ficosse et anx lies Hf^>^n(!p!=^ 
Tol. ii. p. 466. Tlie pitchstone of thf Hebrides exhihitfl 
under the lens a tioe granular texture resembling basalt. 

Maccidlochj Bescr. of the We^it^m Islandfly voL i. p. 520, on 
the pitchstone of the Hebrides. 

tL OmAanMM and v. Dedten, <m the Hichstone of tlie Be- 
l»fidaa» in Eaisten's AtcMt. toL i. p. GO. 

Saughton ooodiudes from his analysis of pitchstone^ that it con- 
sists of a oombinataon of a1x>ut 62 tekpar, 30 etibite, and 
7 quartz. 

Navmann, on Pitchstone and Piteh-clavstoiirs from Meissen, in 
the Erlauter. zur. geogu< Karte y. Sachsen, 1844, ^^o.6, 
p. 184. 

CMfo) on the Pitchstone of Meissen and Tharand, Geognostiche 
Wanderungen, 1836, vol. i. pp. 40 and 104w 

Scheerer^ Analysen u. Folgenmgen in the Art Pechstdn in 
liebig'a Handworterbuch der Chemie, 1854, toL tl p« 105, 
and in y. L. u. Br. Jahrbuch, 1856, p. 60. 

Jenzsch considers pitchstone to be fine crystalline, and a pro- 
duct of transmutation and the balls of felsite in it, for re- 
niaiiio of porphyry not yet transformed. Zeitfich. d. d. geoL 
Ges. ia50. p. 257. 

JSinteiA, Die Fedbatdne, 1860. 

J7. FkcheTf on Pitchatone and PearlstoDe,Zeit8elir. derdentadL 
geoL Gea. 1862, toL xiv. p. 812. 
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CHAPTER 11. 

HETAMOBPHIC CBT8XALLINE SCHISTS. 

Thb term Metamarphie as applied to these rocks implies 
ihat they are the product of the metamorphosis of rocks 
originally sedimentary, and, although several gneiss rocks 

may have had another uritrin, they cannot be Hthologically 
separated from those of undoubted metamorphic character. 

The desicrnation of Cry sf alii ne Schist on the other hand 
rests sulci V on petrograj)hical characteristics. 

The mineral composition of these rocks most resembles 
that of the plutonic division of the acidic igneous rocks, 
Le. they consist (Hke those) chiefly of compounds of fel- 
spar^ quartz^ mica, talc, chlorite, and hornblende, and do 
not essentially contain pyroxene* We might indeed have 
anticipated the resemblance of the metamorphic rocks to 
the plutonic rather than the volcanic division of igneous 
rocks (whether basic or acidic) as their transmutation 
has probably taken j)lace deep in the interior of the 
earth, therelbre under plutonic influences; and tbe fact 
that they contain more silica and less lime and magnesia 
on the average than the basic igneous rocks, is accounted 
for by the separate beds of carbonate of lime and magnesia 
(limestones and dolomites) which interlie the meiaunorphic 
rocks, whence we should expect to find the last mentioned 
rocks somewhat deficient in those bases. But we shall 
find that some of the crystalline schists are in fact rich in 
lime and magnesia, and therefore are nun a allied to the 
basic rocks. Those of prevailing acidic character are 
principally gravulite, gneiss, mica-schist^ quartz-schist, 
itacolumite and argillaceous mica-schist. The basic on the 
other hand are : chlorite-schist^ talc'SchUt, and hornblende^ 
schist, and others. 

All the rocks of this class are to be distinguished from 
Hhe igneous by their foliated texture, and yet more by 
their alternate bedding in parallel layers or strata, and the 

Q 2 
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traces which they often yerj distiiictly show of internal 
stratification. These phenomena it is true are sometimes 

exceptionally met with in the igneous rocks, but in them 
they are the reverse of characteristic ; their foliated tex- 
ture, when it occurs, is usually to be explained by local 
pressure, their stratification by successive overflows of 
fused matter; as a general rule the igneous rocks also 
differ very widely in the character of their bedding from 
the metamorphic schists. Nevertheless there are actual 
petrographic transitions between the two^ and in some in-* 
dividual cases where the nature of the bedding is not very 
distinctly marked it is difficult to decide the character of a 
given r(H'k. 

The j)r()perties which the crystalline schists have in 
coniuiou with the sedimentary rocks are stratification, 
fissile texture, and parallel alternatiug bedding; on the. 
other hand the schists are wanting in organic remains 
(fossils) and in mechanical aggregates. In their com- 
position they differ from the sedimentaiy rocks by the 
crystalline state of their mineral in^edients. There is, 
however, no very definite boundary between the two ; on 
the contrary there are series of distinct transitions from 
one to the other just as we might expect to fin J if the 
crystalliue were really as we suppose them to be, the 
offspring of the sodimentary rocks. We moreover find 
that the greater part of the sedimentary rocks, and espe- 
oally the older ones, are no longer in their original state 
but are somewhat changed, doubtless by the identical 
influences which at last have transmuted them into crys^ 
talline rocks and which are probably still in operation, 
viz. heat and pressure. 

The term ^letamorphic, however, is in practice only 
applied to the extreme products of this slow process of 
transmutation, such as by assuming a crystalline state 
have entirely departed from that of their oiiginal deposit, 
although their connection with it may still be traced through 
stages of transition. This is simply a matter of usage, ror 
looking to the meaning of the term, we might just as well 
call every clay-slate or firm sandstone metamorphic 
(transmuted) since they were not originally formed in the 
state in which we find them at the present day. 

Por these and other reasons it difficult to prescribe 
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a definite and consistent limit to metamorphic rocks. 
From a geological point of view we ought to include 
in that term most granular limestone, serpentine, gra- 
phite, magnetic iron-ore, 8^c., and reject many kinds of 
gneiss and granulite as being irruptive ; but in a system 
of lithoW this treatment, however losicaUy correct, 
would lead to so many inconveniences and ai£Bcalties as to 
render it impossible in practice. 

For these reasons we have not made use of the general 
designation Metamorphic rocks as the title for this 
chapter, but chosen the mure restricted term of Metamor^ 
phic crystalline schists. These for the most part are 
compounds rich in silica, wliieh in their chemical com- 
position approach Bunsen's formula for the normal 
trachytic rocks. Some few, however, are poor in silica 
and resemble the basic igneous rocks in comjposilion. 
We do not propose to divide the metamorphic schists into 
basic and acidic groups ; we prefer to group them accord- 
ing to their leading mineral ingredients without attempting 
a strict scientific arranfjement, except that we })ei2^in with 
those which in their mineral character bear the greatest 
resemblance to the gifanite rocks and place those last 
which approach most in character to the unchanged 
sedimentary rocks. 

CRYSTALLINE SCHISTS, RICH IN FELSPAR. 
(Grranulite and Gneiss.) 

21. GRANULITE, LEPTYNITK 

Gbanulit, Weissstein. {Germ.) 
LBPmnxB, Hamj. (-FV.) 

A. Jine-grained to compact Jissilc compound of felspar and 
quartz, usually with some mica* 

Spec, grav 2*6 — 2*7 

Contains silica . • • . 70 — 80 p. c. 

This rock, on account of its frequent white or light- 
yellowish colour, was formerly called weissstein (white 
stone) ; but as the same mineral compound also occurs of 
a dark colour, Weiss proposed to substitute the name of 
granulite, which has now been generally adopted. Its 
mineral composition is for the most part that of a granite 
or gneiss (a red gneiss), with verj little mica. Ite cha- 
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raoterislic yarietiefl are neverthelefls easily to be distm- 
f^ished from granite and gneiss, as will appear from a 

mure special description of the rock. Intermediate grades 
of uncertain character and trausitions are, however, 
freqiHMit, and if these occur in the midst of gneiss or 
granite, we reckon tliem without hesitation, to those rocks, 
and call them granulitio gneiflflj or granulitic granite ; hut 
if found in granulitic regions the same rocks would be 
properly termed gneissic granulite^ and reckoned to the 
granulites. 

The felspar of granulite is mostly orthoclase ; some* 

times, however, in part oligoclase. It is intimately 
blended with the quartz, which is less in quantity, 
or at all events is less apj);irent, than in f^ranite or 
gneiss. The free quartz forms few and very thin sepa- 
rate layers, or flat lenticular grains, which are to be most 
distinctly seen when the rock is weathered. The mica 
appears in small scattered laminie, disposed in parallel 
planes, or if sometimes found connected, scaly seams en- 
tirely dividing the rock, which otherwise is an intimate 
compound of felspar and quartz. In both cases the mica 
increases the fissile texture of the rock. It is usually a 
white variety of mica — seldom black. The felspar, which 
is alw^ays predominant, is usually white, yellowish, or 
light-red ; and these are, therefore, the prevailing colours 
of the rock. The quartz is never ditrk-coloured, seldom 
transparent, and usually white. In a section of the rock 
the scams of mica sometimes produce riband stripings of 
dark colour. There are, however, varieties of granulite 
in which the whole mass is of a blackish-green to almost 
quite black colour (owing perhaps to protoxide of iron) ; 
for these the old name of weissstein is inappropriate. 

We repeat, then, that the essential constituents of the 
rock are its i'elspar and quartz, and a small jnoporlion of 
mica. In addition to these, red garnets often appear 
disseminated through the mass in small grains or crystals ; 
where little or no mica is present, then these garnets are 
especially frequent, and this is the most characteristic 
composition of granulite. Where much mica is found, the 
garnets appear to fail, and varieties of this latter kind 
lorm the transitions into gneiss. Another characteristic 
accessory ingredient of granulite, though but sparingly 
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distributed, iB blue disthene (kyanite). Schorl and liom- 
blende also occur^ but more locally* 

This rock forms transitioiis into granite by affl iimiiig a 
more distmctly graaidar^ and less fissile texture, into 

gneiss, by the increase of its mica, and into felsite-schist, 
when its mica disappears and the mass becomes quite 
compact. 

Varieties in Texture, 

(a) Common GRAmiLnM. ) White^ yeUowish, or fleah-red, 

gemeinkh Cthanuut. iGerm.) - -with lituo or no loica, contaiDB 
LKPTYKrrE ooMMuw. (/V.) j gjjj^ garnets, and frequently 

some disthene. It is more knn'nfited than pic^Iy speaking 
foliated or slaty. Rosswein in iSaxony. 

(b) RiBAND-STKiPED Grantjlitb. ) Striped by pftrallel seams of 

BANusrrHKiFiGER grandlit. {Germ.) v nuL-a, intenying the main 
lopmRis BQHAiia. (Fr,) J jjjggg of felspar and quarts. 

On the Zschopau between Saciisenbuxg and Schdnbom in 
Saxony. 

(c) MiOACBOUS Graitulitb or Gneiss-Granulitb. With few or no 

GuMMKRRKicHER Oder ON'KMKiaAiiWMr. iClerm,) ganif'tn. Mitt- 
LKiTYNrnc MicAcii. iFr.) J weidftin Saxon}', 

(d) Gbanitic Granulite. ) More granular than fissile. This 

GRANrrGRANULrr. (Ofrm.) 



it occurs in 



— , ■ variety passes into a kind of granite 

mnr. (iv.) J -which ccmtidns Uttie mica, and where 
the fonn <k dykes or veins, it mav be considered 



as a granite. Nei^bourhood of H^rnihut in Saxony* 

(e) Black Granulite. ^ 

SCHWABZER Granuut. {Germ.) 
Lkptyntte noir. (Fr.) 

(/) Spoited Granulite. ) With dark spots caused by horn- 



Probably coloured by protoxide 
of iron. Penig in Saxony. 



Foi 

•luinniv. ((Term.) 



blende. Glocknitzer Schlos^berg, 
Wiener Neustadt. 
Of) ScHOBiAGEors Obanvutb. ) With considerable quantSty 
TotTRMAiiKGRANTTLrr. (Cri^-m.) . of schorl in its composition. 
L«pnrKXTK rouKMAu^o^ ^^'• > j According to T. Hocturtetter, 
it occurs near Krummau in Bohemia. 

Granulite is usually of very res'ular tabular-jointed 
structure, disposed parallel to the loiiation or lamination 
of the rock ; but besides this more or less horizontal 
jointing, it is also usually intersected at right angles by 
cross joints, somewhat crooked, but whose surfaces are 
Bmooth. This latter jointing is characteristic of granulite, 
which by its means may sometimes be distinguished from 
gneiss at a considerable distance. 

In Saxony, Bohemia, and Moravia, this rock fills con- 
siderable regions of dliptical shape^ siurrounded by oilier 
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crystalline schists. The ^ranuHte region of Mittweida 

in Saxony is snrroundcd and overlayed with mica-schist 
and dichroite-crneiss, of which latter it contains larpre fra fig- 
ments. It is also penetrated iii all directions by numerous 
often very distinct, ])nt narrow dykes or veins of granite, 
Naumann conaiders this region to be of eruptive origin. 
Metamorphic rocks may poBsibly in some cases have 
become eruptive here. 

£n(]clbrccJit , Knrze Br^^rlirciluing des Weissstpins, 1802. 
Weitk^j Neue 8dmiWn uaturf, Freunde in iierliOy vaL iv. 
p. 350. 

Hornigf Analysen dea Kremser GranuUts, in den Sitzungs- 
bericbteii der k. k. Akademie zu Wien, 1851, toL vii p. 686. 

«• HodtddUr, OiBimlit vod Krummau, in Jahrb. d. geol. 
Beicbsanst. 1854, toLv. p. 11, and the CoReBp.-Bt d. geoL 

xnineraL Ver. zu Hegeiiftbuxg, 1853, p. 157. 

Kaumann, in l^>lauter. z. geotrn. Karte v. Sach.'»f'Ti, No. 1, 
p. 9. and 18.'iS, No. 2, p. 19; Karsten's Ardiiv, ^><\'2, vol. v. 
p. and .Tiihrb. d. geol. Keichsanat. iKoG, p. 7*3*3. 

Zu kel^ Uranulit-anaiyseu, in Poggendorffs Annalen, yoL cxidL 
p. 024. 

22. GNEISS. 

Gneiss. (-FV.) 

A erystalline^anular compound of quartz^ feUpar^ and 
mica ; texture Jhliaied. 

Spor. orav. . ' . . , . 2-6—2 7 

Gun tains sUica 64 — 76 p. c. 

The mineral composition of gneiss is precisely the same 
a.s that of granite; the only petrograpliic difference be- 
tween the two roeics consists in the foliated texture of the 
former. We mav, therefore, sav that j^neiss is the name 
given to schistose granite. The term gneiss originated 
with the Freiberg miners, who from ancient times have 
used it to designate the rock in which their veins of silver 
ore were found, and more especially sudi parts of the 
rock as were much decomposed* 

The felspar of gneiss is usually orthoclase, sometimes 
with oligoclase, and perhaps even albite. The orthoclase 
is white, grey, yellow, or reddish, and on fresh cleavage 
surfaces has mother-of-pearl lustre. Usually it occurs 
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only in small grains, sometimes larger crystals or lentil- 
shaped masses so called, swellings or eyes (Schwielen, 
Augen), with the regular twin growth peculiar to ortho- 
clase (porphjntic gneiss, augen-gneiss). The oligoclase 
which occurs with and subordinate to the orthodase or 
(more rarely) as its substitute may usually be recognised 
hy its twin striping, more resinous lustre, or more 
Mvanced decomposition* 

The quartz forms small white or grey lentil-shaped 
grains or irregular excrescences upon the felspar; more- 
over it often appears in separate larger and irregular 
masses. 

The mica is usually potash-mica (more rarely magnesia- 
mica), brown, black, white, or dark-green ; and some- 
times in the same gneiss different coloured micas occur 
together. 

Gneiss occasionally contains accessory ingredients of 
various kinds, such as chlorite, talc, graphite, micaceous 

iroii^ dichroite, garnet, tourmaline, audalusite, pistacite, 
zircon, distliene, rutile, titauite, pyrites, magnetic iron- 
ore, Szc* 

Sometimes one or other of these minerals is abundant, , 
and assiune the character of an essential ingredient ; thus, 
for instance, the prevalence of hornblende occasions a tran- 
sition from ordinary gneiss into syenite^eiss, the presence 
of chlorite or talc into protogine-gneiss, &c* These 
different varieti^ in composition are easy of recognition. 

It is more difficult in many cases to recognise the 
perhaps more important diiierence between the so-called 
* red ' and * grey ' gneiss. It was formerly considered 
that all gneiss was of metamorphic origin, but it has of 
late years been established beyond a doubt that many 
kinds of gneiss axe irruptive, and some geologists have 
gone so far as to regard all gneiss as of igneous origin. 

In the mining dutricts of the Erzgebirge it had been 
observed that the veins in the red varieties of gneiss were 
usually non-metalliferous, although within a short distance 
the same veins traversing grey gneiss were rich in ore. 

Previously to the year 1844, we ourselves had observed 
red gneiss of a (listinctly oi'uptive character, forming veins 
in the grey gneiss, which latter is the prevalent rock of 
the mining districts of the Erzgebirge; the result of 
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ihese observations we published in von Leonbard^i 

Almanack. (Vide v. L. u. Br. Jalirb. 1844, p. 681.) 

Subsequently Professor Scheerer received a commission 
from the Saxon mining authorities, to analyse several 
kinds of f^neiss, with a view to discover the cause of the 
superior richness of the metalliferous veins in the grey 
gneiss ; and he found amongst other chemical differences 
that the red gneiss nsually^ if not always, contained a 
considerably larger proportion of silica than tiie grey. 

Accordingly the gneiss of the Erzgebirge came to be 
divided into two principal classes of distinct mineralogical 
as well as chemical characters, termed respectively red 
gneiss and grey gneiss. 

The red gneiss is not, however, always to be easily dis- 
tinf^uished from the grey gneiss, as the colours of the two 
distinct classes do not in every case correspond with the 
names that have been given to them, and some so-called 
grey gneiss is of red colour, and vice versdi and aldiov^h 
in several instances the bedding of the red gneiss shows 
it to be of distinctly irraptive character, jet the bedding 
of both kinds of gneiss is frequently indistinct and un-» 
certain, or might be capable of various interpretations, 
and therefore would not alone serve the pur[)oses of litho- 
logical distinction. The recognised and only reliable 
distinction consists in the proportion of silica, only to be 
arrived at by chemical analysis of the rofbk. These con- 
siderations compel us, regardless of origin^ to retain the 
usual classification for aU gneissic rocks, and notwith- 
standing the irruptive chairacter of some varieties, to treat 
them collectively in this place amongst the metamorplue 
rocks. 

We proceed to define these two principal classes of 
gneiss, and (to avoid attaching an undue importance to 
their mere colour) we propose the name of gneissite for 
the variety formerly known as the red gneiss: — 

A. Gneissite, or Red Gneiss. (Rother Gneiss oder 
Gneissit Gernu) — The felspar of the compound appears 
to be always orthoclase, and to be the predominant in^^ 
gredient. The mica is always white^ or at all events not 
dark-coloured, not abundant in quantity, but usually 
scattered throligh the mass intiiin rtraight lamiiUB. 

The rock contains 74 — 76 per cent of silica. 



Digitized by Google 



RLSFAB GBOUP. 



235 



According to Scheerer, it is an acidic compound, a sesqui* 
sflicate. Its extreme varieties are ea^iily to be recognised, 
and may be better distinguished from the grey gneiss than 
gneise from many varieties of granulite. Its felspar is 
UBually reddish, exceptionally, however, white or greyish* 
In the Erzgebirge this gneissite is found in irregular 
tracts, and sometimes forming distinct dykes or veins in 
the ordinary gneiss, of which it frequently endoses frag^ 
ments. We may therefore say that there it comports 
itself SLB an eruptive igneous rock towards the common 
gneiss, and geologically speukinij; should perhaps properly 
be considered a granite. But as its bedding is frequently 
indistinct and the character of single specimens is often 
not to be recognised with certainty, and as some kinds of 
gneissite may very possibly be of metamorphic origin, we 
cannot nsefuUy separate it Uthologically from every other 
gneiss hy taking it out of the class of the crystalline schists. 

B. Gbbt Gneiss. (Graner Gneiss. Germ.) — The 
felspar of the compound is principally orthoclase, some- 
times, however, with tlie orthoclase some oli^oclase or 
albite is associated. The mica is partly dark-coloured 
(ferruginous and more basic than that of the gneissite), 
it is moreover abundant, whence the rock usually assumes 
a dark or erey colour. 

The rode contains 64 — 67 per cent, of silica. 
According to Scheerer, it is a neutral silicate. The 
normal FreH>erg variety is granular, 'scaly, and unevenly 
foliated. The felspar is usually white or grey, but some- 
times of a reddish colour. The inica is mostly dark- 
coloured, but some white. Mica occasionally occurs in 
the compound. Accordingly, the differences between 
these two normal varieties (the gneissite and the grey 
gneiss) may be stated as follows :— 

Ordinary, or Ore^ Oneitt, 

Content of silica, 64 — 67 p. e. 
Felspar — orthoclase andsometimee 

ohgoclase. 
Micar—abimdaat aaddark-colouzed. 

Ajj^^ximate proportionof minend 
ingredients. 
25 quartz 
45 ^Ispar 
90 mica 



CfnmtUe, arSed Qnem* 

Content of sQica, 74 — ^76 p. c. 
Felspar-^-orthoclase only. 

Mica — in small quantity and 
light-coloiured. 

Appirozimate proportion of mineral 
ingredients. 

80 quartz 

00 felspar 
10 mica 
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The mica (both of the gneissite and grey gneiss) usu- 
ally contains about 4 per cent, water, and thit* water 
Scheerer regards as an orifriual ingredient of the mineral 
entering into itfi chemical composition^ as a base to the 
silicic acid. 

Besides these two extareme kinds of gneiss, it appears 
that many intermediate grades exist, which may be col- 
lectively designated as — 

C. Medium Gneiss. (Mittelgneiss^ Germ,) — Gneiss 
oontaming an intermediate proportion of silica between 
that of the gneissite and the grey gneiss. The mineral 
character soiuetimes resembles the one and sometimes the 
other of those two extremes. 

8cheerer has eiidcavoured to shf>w that, chemically 
speaking, this medium gneiss C forms an independent 
Tock or variety, whose proportion of silica is constant be- 
tween 69 and 70 per cent.^ and that it therefore uniformly 
and essentially differs from the yarieties A and B. (Vide 
Scheerer Uber die Gneusse des Erzgebirges in the Zeit- 
schrift der deutschen geoL Ges. voL xiy« ; also published 
separately, Berlin, 1862.) 

Later analyses have, however, sho^vn the existence of 
gneisses varying in their composition, and especially in 
the proportion of silica which they contain, as much from 
the normal medium gneiss as from the two extreme va- 
rieties of red and grey gneiss. Therefore we must guard 
ourselves against expecting any shar|)ly defined chemical 
character in the different yarieties which come under our 
notice. 

We must remember that it is only of late years that 

attention has been called to this subject, and with the 
utmost chemical industry but few analyses, comparatively 
speaking, have yet been made with the special object of 
distinguisliinii,' (liti'i^ront s])pries «)f gneiss. Those analyses 
have ciiietiy been conducted at i^'reiberg, and mainly with 
a view to ascertain and discover whether any and what 
differences of rock coincide with the richness of metal- 
liferous veins in the Erzgebirge. It appears to be an 
established fact that the grey gneiss is more fayourable 
for the yield of rich yeins than the gneissite or red 
gneiss. 

Tliis ia a very interesting fact, which deserves the 
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attention of geologists. At present we are not aware of 
any thoroughly satisfactory ex[)lanation of it, nnle^s we 
adopt Sclieerer's theory that the iron of the mica in the 
grey gneiss is the cause of its advantage in this important 
respect. He has shewn that the mica is invariably decom- 
posed for some distance on each side of the metalliferous 
yeins. 

The gneiss of ibe Erzgebirge is imdoubtedly partly 

irruptive and partly metamorphic ; and we believe that 
its character in this respect must always be determined 
rather from observation of the bedding than from the 
chemical composition of each individual rork ; at all 
events, the analyses which have hitherto been wade do 
not justify the conclusion that rocks of a definite propor- 
tion of silica are confined to any particular geological 
origin^ or vice versd that rocks of the same geological 
origin are uniformly of one chemical character. 

It would, indeed, be somewhat remarkable if it were 
found that the collective elementary ingredients of a rock 
like gneiss, consisting of three separate minerals, Avcre 
combined in such uniform proportions as to bo caj)able 
of being expressed by a simple chemical formula; we 
should rather expect that from a mass so constituted a 
lumtogeneoiis rather than a compound rock would hare 
resulted. We are, however^ ready to admit that the 
strangeness of a phenomenon to our preconceived ideas is 
uo Yuid argument against its truth. 

In the present state of our chemical investigations, 
therefore, we can only seek approximately to range all 
known gneisses under one or other of the three beads we 
have named. If geologists in different parts of the Avorld 
will assist in this work, there is room for hope that some 
general law may be discovered which shall advance the 
state of science with respect both to the origin of gneiss 
and the causes which have influenced the superior rich- 
ness of the metaUiferous veins in some rocks to the 
exclusion of others* 

Independently of the division into gneissite, grey gneiss 
and medium gneiss, which, however important geologi- 
cally, depends mainly on chemical, and only partly on 
mineralogical, differences, we have the following varieties 
in texture and composition* 
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Varieties in Texture, 

(a) Common Freibbbq Gnbiss. ) Belongs to tlie class of grev 
FBBBnuna VomurnvmaB. {Oerm.) I gneisa. The flakes or lamina 
GmBBB ooMMuir on 50BMAU (/V-.) J ^i^s dutribttted in 

parallel planes through the granular conipound of feLipar and 
ouaitz. The rock has often a folded or wav^r texture. In the 
unmediate neighbourhood of inetalUferons Teins^ near Freiberg, 

it is imprepnated ^^^th pyrites, sometimes with arsenical pyrites, 
galena or blende^ bj which latter its decompoaition ia much. 

accelerated. 

(6) PoRPHTRlTlc GNEia.**. \ In the otherwise uiiifurm schia- 

▲iniBfointM Oder pokphtb- I toie maM there occur at in* 

of orthoclase (usually they are 
tidn crystals, sometimes they are am<nrphoua)y round whieh 

ihe foliated texture bends itself with a vravy sweep. Tlii.^ i« 
yery chnrnrterishcally developed near Schwartzenbeig in the 
Erzgebirg^e, Kedwitz in the Fielitelgebirge. 

(c) SiANGKL Gneiss, Coarsely i^ iiiKOUS Gheiss. I The ingredients 

firXxaKuumas odar HouamuBi (O'lrm.) ' dispofled in 

a fibrous manner towards one direetiony so that a peculiar 
linear parallel oouformation is produced. The stalks or fibres 
may oonsist of felspar and quartz, or of stripes of mica. In 
the extreme development of this texture a wood-lfke confor- 
mation is j)rodnrea, which almost supersedes the suliistose 
texture. Lippersdorf, T.enp'efeld, Weissenbom, and Weig- 
maiiiisdori^ near Freiberg, Saxony, Sonuenberg in Bohemia. 

(d) Veby wwb Slatt Gnbibs 
, or Slaxb-onbibs. 

SCHiEFERGIfliaBi. (Oerm.) 



In the cleavage, njica alone is usually seen. 



AH the nuneral parts small the 
numerous psrallel flakss of mica 
occasion very distinct elaty texture. 



(e) Vbbt fine-grained, almost 

coMPATT Gneiss. 

GnKISS X OKAINH FINS. (Fr.) 

(f) Lagen Gneiss. 

LAGSNQNma. (Oerm.) 

GimaB RUBAxa. (A*.) 



With only indistinct foliated tex- 
ture. Kadegrube, near Freiberg, 
Radeberg. near Dresden. 
Quartz and felspar on the one hand, and 
• the mica on the other, form thin parallel 
) and mutually altemat^ seams or layers, 
whiehy in the cross sectiony occasion a ribbon striping. 
(p) Gbaititb-gneiss or Granitic Gneiss. » With very 

ORANiroKEias Oder GRANrrAHNucHER QNSias. (<7«rm.) j granular and 
only indistinctly foliated texture, forming a transition state 
between gneiss and granite. Sa^ critz near Gros.seiilinin, Boxdorf 
near Moritzburg, Bramba( h in the Voigtland, Hotit^. near Eiger. 

iS'aumann has collected into one class, under tlie name of 
'OoBNiTBlATBS/ Several^ exceptional yarieties of gneiss, some 
compact, or of very indistinctly compound texture, others of 
contorted foliated texture. They occur Tsriously, usually aa 
contact formations at the margins of more recent imrieous rocks. 
Saussure called tliem ' Palaiopetre,' Boase ' Froteolite.' 
Properly speaking tbev belono- only geologically, and not pe- 
trograpliieally to gneiss, and they can only be classed as gneiss 
where their poditiou and bedding give them that character. 
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Varieties in Composition, 

(A) Geaw IJLITE-QNEI88. \ With vciT little mica, and that usnallj 
GRAKtTijTO!fmf«8. (o^m.) 1 white. Felspar predominates, and is 
often intimately combined with quartz. Always helnnf^rs to 
the gneissite or red gneiss. Grosswalteisdtjrt near Freiberg, 
Lauterbach near Marienherg, Mautera neai- Molk^ Poppenreut 
near Mtinehberg; Hoehberg near £ger : — and a variety with 
dark-colonred micty Falmkiten, near the Sdmeeberg, in tibe 
flehtelgebirge. 

(0 Micaceous Gneiss. » Forming a ti*an8ition state into mica- 

GmiMEHONKis.*. (r7*>r»..) ; schist, with much mica, chiefly dark- 
colomt'iL and little felspar; u^ufilly of a tine foliated texture. 
iSear Kal^ nau and Dippoldiswalde in i^axoay, where it occurs 
between strata of ordmai-y gneiss j uiao, in like maimer, at 
Gaatein in the Alps. 
(h) GNBI68 TBBT BICH m QtTABTZy and going oyer into a kind of 
quarte-schist. 

{I) SxENiTTC Gneiss. ) With characteristic admixtm-e of hom- 

SYENrrGNErs«. (Omn.) V blende. Neighbourhood of Aschaffen- 

GKMISSAMPHIBOUQUE. (/V.) j ^^^^^ g^j^^,^^ ^ 

Fichtelgebirge. 

(w) PKOTOGmB-GNEiss. ] With chlorite or talc instead of mica. 
S!!2!S!flSS!:,^%?;^ ^Oberhai^ii and Mont Blanc in the Alps. 
G]o»iTAi^u»n. (/y.) j^^ ^ Goldberg near Bemek, in tVe 

Fiehtelgebiige, a somewhat indistinct protogine-gneiss encloses 
fragments of clay-slate, and from tiiis would appear to be of 

igneous (irruptive) character. 
(») Adularia-gneiss. I With adnlaria in the place of the usual 

ADULARGNKiae. (Germ.) \ orthoclaae* Veiy widely spiead in the 

Alps, e.g. St. Gotthard. 
(o) Oliuuclase -gne iss. I With oligoclase in the place of ortho- 

QuooKLMmnBB. iOerm.} / clase. According to v. Hochstetter, the 

lofty Adam's Peak of Ceyl<m r 7,000 ft.) contisto of this rock. 

It contains many garnets, and is found in idternate layeia with 

syenite-gneissi gianulite-gneiss, granulite, and homblende^skte. 
(p) Gneiss with two xtnds of Mica, white and black, occurs ^ ery 

freq^uently. Seerenbach near Thaorand, Lauenstein in the liz- 

g^birge, Steingriin near Eger. 
(g) BlCBROlTB-GNElSS. ] With dichroite in the place of mica 

SSSSSXi^2St*(*0 fcl^t;" ^''^ """f^ the Sa^on 

^ granulite region. E. g. near W ech- 

selbuig. 

(r) MiCACEors Iron Gneiss. .With micaceous iron instead of com- 
Si8KNGU]uaaoNsi8s. (Genu.) i mon mica. In the southern Eichtel- 

gebirg-e. 

(j) Graphtte-CxNeiss. I With graphite in the place of the mica. 
GuAPuiTGNBisb. (6*^.0 ) Xear Passau, on the Danube. 
Alpinite. ) Is a name given by Siuiler to a schistose com- 

'^"SSjiU^*''* P^"^^ <iuartz, felspar (oligoclase), and a 
^ ^ j flaky green mineral, probably belonging to the 
mica species, but certainly not chlorite or talc (uber diePetro* 
geneses. Berne, 1862). Very frequent in the Alpe. 
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The above are the principal varieties of this very im- 
portant rot k ; it would neither be possible nor desirable 
to cnuniersite every modificatiou of ditifering texture and 
composition. 

Gneiss, in addition to tliose of its accessory ingredients 
which have been already mentioned, sometimes contains 
irregular concretions or minute veins of quartz, felspar^or 
a kind of granite resembling the graphic granite. 

The foliated texture of gneiss is a universal charac- 
teristic. Gneiss is also usually stratified or jointed in a 
direction parallel to its texture. At all events a divergence 
from this direction has not been hitherto observed. Be- 
sides this tabular johiting there is sometimes a tolerably 
reguhir oh\\(\\iQ parallelopipedlc jointing dividing the rock 
into irregular rhombs, two of whose faces correspond with 
the stratification of the rock. 

Gneiss is found in extensive regions in many mountain 
districts. The mountains which it forms are of very 
various shapes, according to the position and direction of 
the foliated texture. If this be horizontal then we have 
flat undulating table-lands where valleys appear like cuts 
in the otherwise uniform surface. If, however, the bed- 
ding of the rock has been upheaved so that the parallel 
planes of the texture assume a vertical position, then it 
forms jagged alpine heights. H<)th tlic bedding and the 
texture are frequently very much contorted. 

Gneiss, wherever we can approximately determine its 
geological age, is found to be of high antiquity. It occurs 
with granite rocks usually lying above them, but often 
penetrated and traversed by them. The oldest sedi- 
mentary rocks usually overlie the gneiss, but there are 
some exceptions where, as in the Alps and the Fichtelge- 
birgc, the gneiss is found uppermost ; these exceptions 
are capable of being explained by disturbances of the 
original bedding. 

Mefermcea, 

jSfc^cr^, Chemifiohe Tlntersuchungen des Gneisses im .Tahrb. d. 
k. stichs. Bergakademie z. Freiberg, 1858, p. 210, 1861, 
p. l?r,-2, 1hiB2, p. 188; Bern-- u. Iliittenm. Zeitmio-, 18(51, 
p. Im ; and v. L. u. Br. Jalirb. 18()1, p. 01. 'i; Zeit>^ch. d. d. 
geol. Gesells. 18()2 ; also separately published under the 
title of ^ I>ie Gueusse des Erzgebirges.^ 
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^(tumann, Erlauter. z. geogn. Xarte y. Sachsen^ No. 2, p. 265| 

and No. p. 61. 
Co^; Bother u. Gmuer Gneiag^ in t* L, u. Br. Jahrb. 1844^ 

p. 681, add 1864, p. 89. 
(yedner^ Syenitgneiss, in v. L. u. Br. Jahrb. 1850, p. 549. 
PeterSf SyenitgneiaB, in Jahrb. dL geol. Keichsanst, 1853, p. 236. 
KitteL Syenitgndfls. Umgegend y, Aschaffenbaig. 18^. pp. 

11 and 27. 

V. Hathy Gneiss in Graubiindten^ Zeitsclir. d. d. geoi. Ges. 
p. 199. 

Foumetf Gneiss der Alpe% M6m. sur la G^ol. de la part des 
Alpes, p. 29. 

Boate, Transact, of the QeoL Soc. of Cornwall, toL tL p. 390. 

Quincke, Schmfeld and Roscocy Analysen in Ann. der Chem. 
u. Pharm. 1854, yol.xci. p. 806, and 1866^ vol. zciz. p. 239 ; 

T. L. u. Br. Jahrb. 1856, p. 463. 

HochsteUery Uligoklasgneiss, Noyarxa-Beise^ 1801^ Th. L 
p. 324. 

CRYSTALLINE SCHISTS RICH IN QUABTZ. 
(Mica-schistj Quartz-scliist^ Itacolumite.) 

23. MICA-SCHIST. 

GLiMMiaiiCiiiiirEii. (Gemu) 
MiOAScmsiB, Brongmart, (iV.) 

A crystalline schistose compound of mica and quartz^ 

Spec. grav. 2-7 — S'l 

Contains silica • . . . • 69-^2 p. c. 

Its texture is always foliated, but with inaiiy varieties of 
. modification. Its composition varies between two ex- 
tremes ; one consisting almost entirely of mica, the other 
(quartz-schist) almost entirely of quartz. 

The mica is most usually the optically biaxial potash- 
mica, but sometimes dark magnesia*miea, damourite, or 
paragonite. Two different kinds of mica occasionally occur 
together in the same rock. Usually the laminte, whether 
large or small, all lie in planes approximately parallel to 
each other, and thereby occasion the foliated texture of 
the rock ; it is rare to find them in diverging directions. 

The mode in which the mica and (quartz are united is 
somewhat various. In those varieties which contain the 
most mica the small f^rains or lenticular particles of quartz 
usually lie hidden in it, and the rock appears almost 
exclusively to consist of mica. If the quantity of quartz 
be greater, then its larger lenticular masses are dis- 
tinctly prominent amongst tiie mica in a cross fracture of 
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•the rock. Again, these lenticular bodies extend and 
are elongated into thin parallel layers of granular com- 
position, and sometimes themselves enclose small flakes of 
mica of divergent direction. Those varieties which are 

very rich in quartz consist almost entirely of that mineral, 
and only receive a foliated texture from the thin parallel 
layers of mica imbedded in the quartz. 

SonietiiiH > faiid on en in varieties very rieh in mica) in 
addition to the quartz contained in the main mass of the 
lock, irregularly swollen-shaped masses and veins of quartz 
occur, round which the foliated texture bends itself or 
there are found actual seams of quartz in the rock. 
Garnets frequently occur in such abundance as to be 
characteristic for certain' varieties. They are red or 
brown, and occur porphyri tic ally as isolated crystals, un- 
usually rhoMibic dodecahedrons, from the size of a scarcely 
visii:)le grain to that of an apple. In each individual rock, 
however, these arc usually nearly of a unilbrm size. 
The flakes of mica bend round these crystals as if they 
had been pushed on one side during the process of their 
formation. Xear Fahlun, in Sweden, there is a magnesian , 
variety of micsrschist containing very large dodecahedrons 
of garnet, which are sometimes split into two parts which 
have become joined together again in a displaced position. 

Mica- schist also frequently contains some or other of 
the followinnr as accessory ingredieut^ : sc.liorl, staurolite, 
disthcne,andalusite, hornblende, chiastolite, beryl, chlorite, 
talc, and felspar less frequently, also graphite, micaceous 
iron, cordierite, pyrites, or cinnabar, &c. 

Some of these accessory ingredients are characteristic ' 
for certain varieties of mica^chist, and they also occasion 
transitions from mica-schist into other rocks. Thus the 
presence of chlorite occasions a transition into chlorite- 
schist, of talc into talc-schist, of felspar into gneiss, of schorl , 
into schorl-schist, of graphite into graphite-schist, of mi- ' 
caceous iron into feiTuginous mica-schist. If the mass > 
becomes compact, and especially if the mica should be- 
come indistinctly blended with the other ingredients, then 
the rock passes over into argillaceous micarschist, and Anally 1 
into clay-slate, so that we have thus a complete series of ' 
transitions from the most distinct gneiss tiirough mica- i 
schist into clay-slate. But we know of no transition from 
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mica-?rliist into the grnnnlar greisen, alllnjuiih the com- 
position of those two rock;s miueralogically the same. 

Varieties in Texture, 
(a) Common Mica-schist. \ Somewhat unevenly fo- 

OEMKINEII GUMMKU.SCHIKFKR. (SCHUPPSK- ' Hated, of E SCOIt 80* 

MicAscHifTiK coMMux on NOKMAL. (Fr.) [ p«arancc With vervmuch 
mica, but the quartz neverthelesa distinct. Of very frequent 

occurrence. 
(6) Mica-schist, very Fine and) 

Even ijj Texture, \ Also frequent. 

FLAKaUHHBBaCHIIPBB. «3I^.) } 



(e) MiCAHKJHisT OF Wavt Textubr \ A delicate wavMike tex* 

Faitkxgummei: ■nrri K, ((?«nn.) r ture, occasioDa a verv^ dis- 
1 TEXTURK oNutiJ^K. J ^ jj^^ paralleliam. 

Sometimes there occur larger and more iiTegular foldings, 
"vviixli <rs. and contortions of the texture, but these are fre- 
qum 1 1 y vcrv parnl U l in their main direction. E. g. at Schwarz- 
enbucii, near in the Fichtelgebirg-e. 
(d) Mica-schist wim Wood-like oii i Ur as if the ditl'erent par- 
CoARSBLT FiBBous Textxtre. [ ticles had been elongated 

Ge>tre< kter GLiMMKnscmEFKu Oder jjy stretcbuup. This pe- 

i^j«wi««,m*r»u. j cuuar texture 18 cuused bv 

a special conformation of the quartz atiipped into thin au<i 

lonjr stripg or stalks. 
{e) MiCA-scujsT wTTn ro!?-ioBlBl) AND ^ The disturbances of tlie 
iRREGrULtt Texxuke. ])!irallel textiue are partly 

VERwoimRWficHiiufKroBft Oder WoMr-f occasioned bv extenial 

A TKXTURK tKoioeiKB; ou PLIS8EK. {Ft,)) lorccs, anu partly Dy 

many tuberous swellings 
of the quartz oontuned in the rock. Very frequent. 
(/) Stratified Mica-schist. 

Laobxo r.TM MBasGHiSFEfiu ((7«roi. 

grained hirers of quartz, in which hiMt are sometimes dissemi- 
nated Hakes of micji not ])urallel to the stratihcation. Tiiis 
rock is very chHi-acteri6ti«!ally developed near Errer, in Jiohemia, 
and between Korbach and Gefrees in the FiclUelgehirge. 
(^r) Mica-schist of Kijottt Tsxturb. I Small nodules or concre- 
KvoiBNOLDiMssacHiEFBB. {Otrm,) * tions pervade the mass and 
occasion a knotty texture, d]sturbiii<^ tht^ otherwise parallel 
layera of the mica. Occurs in the Fichtelgebirge, between 
Walpenieuth and Hiibnerhof. 

Varieties in Composition. 
(A) Gari^ettferous Mica-schist. \ Bich in garnets. Ofveiyfre- 

GaANATauMMiSBacHiiErKii. {Germ.) f nnant o^nrrencA 

HicAscmnm GBSNATiFfittB. (/*■.) f quenr occurrence. 

(•) Gbxissic MiCAH9omsT. I With some felspar in the 

GmsissQLuucBfiacHEBirBR. (Cfmn.)' compound; forms a tran>ition 

state between gneiss and mica-schist. Frequent in the Erzgo- 
bilge. 

B 2 



I Thin seams of mica ^^nth slaty 
• cleava^ie, alternate with tine- 
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(K\ Chloritic Mica-schisx. ) Wiih wine admixture of chlo^ 
CHuJ^uiiiiRBacHiKm. «7em.){ rite; forma a trwisition mto 
luoAMHims Avac CBuavacE^ {Fr,) > chloxite-echifit. I^re^uent in 

(h Ti2S>^%iCA-SCHIST. \ y-th an a.ln. x ture of some tal^ 

TALKGUMMT?n.«^HiEFEH. (Ofrm,) ^ forms a transition into tal©- 
MicAKCHi.-TE AVBc Taic. {Fr.) j gcllist. Occuis ill tlie Alps. 

(m) MicA-scHiBT WITH TWO KINDS OF MicA (dark and ligkt- 
coloured). Zachopau in Saxony. , , . ^ - , 

(„) GBAPHiiic MicA-gcHMT. \ With sdnuxtaw of papliito; 
GnAPHiTOLiMMKRflcitiEKEH. (Gtrm.) f foHUS a transiUOtt into g»- 
mcAicmOTB AVBC GBAfBim {Fr,) ' plixte-achiat. 

(o) Micaceous iROX-scniST. \ Forms a transition into 

ElSENGUMMEnHALTIOEa GUMMBBSCHDEFKB. \ feiTUgmOUS SChist. 

(p) SCHOIOACBOUS MiCA-SCHIBT. ] Fonning a transition into 
ScHom.r.i.iMMEnsrnrcFBB, {jOerm.) V scnorl-scluflt. iSlbenstOCK 

MlCAbCmSTB AVEC TODTUIAIlNlt. {Fr,)\ gftxOOV. 



(a) HOP.XT^T.ENDIC MiCA-SCniST. 

HoasBUaiDKOLiMMERSCHiEFER, (Germ.) 

IClCASCBUmB ATSC HOBHBUDnXB. (A*.) 



Forming a transition into 
hornbleude-scliist. E. g. 
between Ooldmiilil and 



Brandholz, near Bemeck in the Rchtel^birge. 
(r) QuAKTzosB MiCAHSiCHiST, fotminff ft transition into qiiartz-echist 
(«) Calcarboto Mtca-sohibt. \ This is either a granular hme- 

Kalki.t.immehkhtkfku, Biav- \ stone, very rich m mioa, and 
BCHIEFEU. {iitnn.) } tiierefore of fissile texture (ci- 

polline), as it, for instfinro, ornirs in the limestone beds in the 
neighbourhood of Zaunhauy in the Erzgebirge, or it is a rock 
composed of thin ulternate layers of mica-schist and granular 
limestone, as is freq^ueutly found in the Eastern Alps. 

The foliuwing varieties differ in the species of thdr 
mica : — 

(<) PaBAGONTTE-sctttst. \ The name given by Schafthautl 

pAKAQOJtrracHiEFEB, Schci/th&utl, J to certain mica-scliist of the Alps 
{atrm,) which the ordinary mica is 

replaced by paragonite or damourite. To this belongs, e. g., the 
beautiful variety foimd at St. Gotihard, and is distmguiahed 
by its oontaiaing many cyanites and stauzolites. 
(u) AmphhOGITB-SCHIST. ) The name given bv Schaft- 

AMPHiLOGiTscHonwB, **q/5*«^«<i. J hautl to the delicate flaky and 
(Germ.) somewhat frreeniRh-white mica- 

slate of Zillerthal in the Tyrol, which only contains 40 p. c. 
silica. , 
(v) Nacrixide. \ The name given by Schill to a schist 00- 
^ NACBmD, aam, \ curring at inke's Peak in Kansas^ comdsting 
(<7fnn.) ofqnarte ^mth hlaclc and white mica. Per- 

liaps it is the same as the Saxon Taziety described ante (m). 

Mica-schist is usually more or less stratified or laminated 
independentlj of and more or less parallel to its schistose 
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or foliated texture. Sometimes many different varieties 
alternate and are stratiiied in thin beds or layers one 
above the other. 

Mica-schist is extensively developed in many mountain 
districts, and there it is usually accompanied by gneiss or 
talcy and chlorite-schist ; it frequently also contains sub- 
ordinate intermediate layers of quartz-schist^ homblende- 
schist^ granular limestone^ or dolomite, ironstone, or even 
graphite. The distinctly sedimentary formations usually 
overlie the mica-schist, but to this rule there are excep- 
tions, as in the case of gneiss. From its bedding and the 
rocks with which it is usually associated, we must con- 
clude that mica-schist has chiefly Ix en formed by trans- 
mutation from very ancient argillaceous and arenaceous 
deposits. During this process the quartz has undergone 
the least change, the day has for the most part become 
mica, the sup^uous substances in the sedimentary rock 

Spearing, as accessory minerals in the micap^chist. A 
Ly^slate very poor in quartz might produce a mica- 
scmst very rich in mica ; and a clay-slate very rich in 
quartz (or very sandy) might produce a mica-schist very 
rich in quartz. An argillaceous sandstone might perhaps 
produce that variety of mica-schist which forms a tran- 
sition into quartz-scliist. If the original rock contained 
lime, then garnet, hornblende, and other minerals might 
also be formed. If the original rock contained subordi- 
nate strata or layers of limestone, ironstone, coal, or the 
like, these would be changed into granular limestone, 
ferruginous micaH9chist, graphite, &c. 

We must assume that these processes of transmutation 
have always taken place deep in the earth under the 
intiuence of great pressure, hic^h tcin})erature, and per- 
haps that they have been aided by the ])resence of water 
— in other words, that they were piutonic or hydro- 
plutonic processes. If there were sufficient alkali in the 
argillaceous deposit, or if alkalies happened to be within 
reach (possibly in a state of solution), then gneiss and not 
mica-sdiist would be the result. If these hypotheses are 
well founded, they explain the possible mode of formation 
of some mica-schists, which appear to be of considerably 
more recent origin than the irreater part of those rocks. 
The process of transmutation may have been hastened in 
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these exceptional cases by an extraordinary degree of 
pressure. Cases of this kind are met Avith in the Alps, 
where between strata of micarschist certain beds of a 
sandy calcareous composition occur containing distinct 
remains of Belemnites. 

Although micanschist has been yery frequently analysed 
and described, there are but few treatises which make it 
their principal subject. The following describe certam 
special I'orms of tlm ruck. 

BeittUtmt and Naumatm (the former in Hungtuy, the latter in 

Scandinavia) have both observed apparent pebbles of quarts 
in mica-schist — a circumstance wliich forcibly sug-gests a me- 
chanical origin (Xaumnnn's (n'<);:-nn5^ii>, '2n(\. cd. vol. i. p. 
527, Anm.). We have also ourselves ohgerved distinct 
pebbk's ot" quartz in beds of limrstrme h inL"" between parallel 
Deds of mica-schist at Jakubeui in tlie liukowiua. Jahrb. d. 
geol. Iteichsanst 1855, p. 7. 

Schafthciutl, OQ the peculiar yarieties of the Alps, Ann. d. 
Chem. u. Pharm. 1843, p. 733. (JSchmfM and MMcoe, ibid. 
18r>4, vol. xci. p. 305.) 

Schill, on Namtide^ Ann, d, Chem. u. Phaim. 1857^ yoL ciii 
p. 119. 

24. QUAETZ-SCHIST. 

QuABZBCmBEBB. (Geniu) 
QUABIZ SCHIKfBITZ. {Ft,) 

A rock chiefly emsisting of quartz, hut usually contain- 

ing some mica. 

We regard this rock as more or less belonging to the 
mica-schists. It is found to pass over into genuine mica- 
schist through the transition grade of quartzose iiiica-schist 

MineralogicaUy^ this rock has greater afhnity to the 
siliceous or quartz rocks. Geologically, howeyer^ it 
undoubtedly belongs to the metamoiphic crystalline 
schists, with which it is usually interstratified in parallel 
but subordinate beds; and, like the other crystalline 
schists, appears to have originated in metamorphosis of 
sedimentary rocks (probably sandstone). 

We ought, perhaps, on the same ])rinciple to include 
some other rocks in tlie metamorphic series (granular 
limestone^ for instance) ; calcspar, however, does not oc^ 
cur as an essential ingredient of any crystalline scbistSs 
whereas quartz is contained in most^ and we must con- 
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stantly remind our readers that a logically consistent 

system of cla:?silication is impossible witli rocks. 

We shall again allude to this rock under the head of 
quartz rocks^ No. 69 post 

Varieties in Texiure^ 

(a) Common Quartz-schist. \ Consists principally of com- 

little mica; someiimes with Tery distnict paiaUel elcmgafioiu. 
Occurs in the gneias of Freiberg. 
(6) Gbakuulb Qitabiz-s 

or QUARTZITB. 
QUAKZIT. (fierttu) 
QUABTZnX. (iV.) 



MJIK 



Fine-gqanedy leeembliiig sand* 
stone. 

Jukofl ^ays, 'Quartz rock or 
quartzite is a compact fine-grained 
but distinctly granular rock, very hard, frequently brittle, 
and often so divided by joints as to sjpUt in all directions 
into small angular, but more or leas cuboiaal, fragments. The 
colours are generally some shade of yellow, passing occaBionally 
into red, and at other times into green. When examined with 
a lena it may be seen to be made of grains, which appear some* 
times as if they had been slightly fused together at their edges 
or surfaces, and sometimes as if imbedded in a purely siliceous 
cement. Tliis cementation or semi-fuf^t^n of the grains shows 
at oiice tliat it is a sandstone which has been alt4>red and in- 
durated by the aciiuii eiLlitr ui heat alone or of heat and water,* 

25. ITACOLUMITE. 

IxAKOLrMiT. (Germ.) 
Itacolumiie. (Fr.) 

^ Jine-r/rained and at the same time schistose compound 
of quartz with some mica, tak, or chlorite. In thin 
plates it is sometimes JUxible. 

This rock first received its name from Von Eschwege. 

Its principal mass consists of grains of quartz, and re- 
sembles a sandstone. The grains of quartz, however, are 
bound together by thin crystalline laminae of mica, 
chlorite, or fair*, and these otten assume a jmrallel arrange- 
ment and tbrm thin seams through the rock. Thus its 
foliated texture is occasioned, and the somewhat elastic 
properties of the mica, chlorite, or talc occasionally give 
a flexibility to thin layers or plates of the rock. But not 
all varieties of itacolumite are flexible. The prevailing 
colour of the rock is yellowish ; sometimes, however, it 
has a white-reddish or hluish-ii-rev colour. 

As subordinate ingredients, there occur in it mica- 
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ceous iron, magnetic iron-ore, martitc, native gold, and 
even diamond. The quartz also occurs locally in the 
form of rounded stones or pebbles enclosed in the rock's 
mass, showing clearly the mechanical arenaceous or con- 
glomeratic origin of the rock. If the specular or magnetic 
iron-ores occur in considerable quantity, then a transition 
takes place into ferruginous mica-schist or itabirite (vide 
posty No. 62 k) ; and if the quartz be altogether pre- 
dominant, into quart2}-schist (No« 24). 

We may take it as proof of the variable character of 
this rock that it has received many different names. 
Alexander von Ilumboldt called it ifacolumite or quartz 
chloriteux ; Clausen termed it gres rouge ^ rnicaschiste 
quartzeux, and gres ifacolumite ; Von Martins, elastischer 
Sandstein (elastic sandstone), Quartz-Schist and Gelenk- 
quarz (articulated quartz); Walchner, quartzose talc- 
schist ; Jacquemont, gtis sehtsteux ; Shepard includes it 
under the head of mica'-schist ; Toumey terms it quartz 
rack or the * quartz of the mica slater and indicates that 
it may be a homstone ; Van Uxem even appears to have 
considered it in South Carolina as a variety of Greissen. 

Jukes describes Itacolumite as being a genuine un- 
altered sandstone, more or less micaceous like other sand- 
stones, but the mica in worn spangles, nut in connected 
Hakes. 

Varieties* 

(d) Comioir iTACOLra ns. \ YmsLf not flexible, leeembling a 

nKMTnNKu ttakoh mit. (Germ.) I firm ^mil aomewbat fiaaile sand- 

Itacolumite commun. (Fr.) } g^j^^ 

(b) Flexible Itacotxmite. ^ U.snallv vory fino-prained, and 

' ^ nexible. 

(c) COXGLOMERATIC ITACOLUMITE. n 17 i • j j v 

CoNOLOMjniATAimoER iTAKOLUMir. (Omn.)] J^nclosmgroundedpeb- 
iTAooLUMnK oHBNv. (/v.) j bles of quaxts. 

Von EschwefTc informs us that in the Brazils itaco- 
lumite forms whole systems of strata of great thickness, 
extending for several hundred miles in length. The 
mountain Itacolumi, near Viila Bica (5,400 feet high), 
consists almost entirely of this rock. Shepard and 
Lieber found it very extensively developed in North 
and South Carolina, where it generally iicb betw een lime- 
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stone and clay-slate, and contains subordinate layers or 
beds of talo-Bchisty ferruginous micanscbist, itabiritej ca* 
tawbarite, and fine-grained limestone. Yon Helmersen 
and Hofmann also found the rock in the Ural Moun- 
tains ; Yon Eschwege in Portu^^^al ; Schulz in Spain ; 
Gergens iu the slate region of the lihine. 

V, St^weffe^Beitr* s. Qelumkunde von Bia8!lie% 1882, p, 174. 

O. lAehery Gangstudien, vol. iii. p. 328. 

Shepard, Report of South Carolina. 1854. 

Schuh, Bullet, de la Roc. g<Sol. de la France, 1834^ p. 416, 

Gergens, in v. L. u. Br. Jahrb. l '^41. p. 560. 

Lucas (as early as 1815) foiiud diainunds in it in the Brazils. 
Nouveau dictionnaire d'hist. nat., art. Dianinnt. The same 
fact wiis confirmed by Hemser and Ciurazj in the Zeitschr. 
d. d. ffeoL GeB. 1859, toL ad. p. 448. 

V, Sumboldt, Giaement doe Roches dans les deux Hdmiephdree. 

5. 89. 
fortius, Eelse in Braeilien, vol. ii. 

Clamcn, Bullet do I'Acad. de Bruxelles, 1841. 

Wak'huer, llandbucli d. rTPognosie, p. 38. 

Tourney y Report on the Geology of South Caiolina, 1848, p. 6. 
Jaa^uettwnty Voyage dans I'lude. 

CHLORITE^ TALCf AND HORNBLENDE GROUP. 

These rocks have been severally termed Chlorite^schisi, 

Talc-schisty and Jlornble/ide-schist, from the pi civaleuce of 
those respective minerals in their composition. 

In their chemical conijtosition they resemble the basic 
rather tlian the acidic igneous rocks ; that is, they contain 
more magnesia and lime, and, for the most part, less sUica 
than the acidic rocks. 

They occur as subordinate beds in the mica-schiBt, or 
ihey entirely take tiie place of micarschist in some for- 
mations. 

Serpentine might also be included in this group, by 
reason of its chemical and frequently also its geological 
character. Nevertheless, inasmuch as serpentine often 
occurs under other and very different geoh)gical rela- 
tions (appearing as the product of igneous rocks), we 
prefer to class that rock separately amongst the special 
rock formations* 

By introducing this group of rocks between the mica- 
schists and the argillaceous mica-schistSj we interrupt a 
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connected series of transition between those two groups, 
but such intcrruj)tion only represents similar inter- 
ruptions actually occurring in nature. 

26. CHLORITE-SCHIST and POTSTONE. 

Cklorixschieper uiid T()Pi>.ii.iJS. (Ocrm,) 

SCHTSTB OHLORinQtnS. (i'>.) 

A schistose (Kjgreyate of chlorite, usually combined with 
quartZy sometimes also with felspar y mica, and talc* 
It km a greenish colour and scaly appearance. 

Spec, grav 2'7 — 2'8 

Contains silica • » • • 81 — 12 p. c 

The principal mass of this rock is composed of chlorite 

of green or blackish-green colour and gi eyish-green 
streak. It is usually of coarsely foliated texture and soft. 
The quartz sonietinit> trunst uses the whole mass, and so 
makes the rock hard ; sometimes it only occurs in the 
form of thin scattered laminas, lenticular or irregular 
swellings ; sometimes again it traverses the rock in thin 
veins. Felspar, mica, or talc are only occasionally to be 
distinctly recognised as ingredients ; many other minerals 
are, however, ioimd as accessories, and often in very per- 
fectly formed crystals ; the most frequent of these are mag- 
netic iron-ore, garnet, talcspar, actinolite, and tourmaline. 

This rock forms transitions into tale-schist, protogine 
gneiss, mica-schist, clay -mica-schist, and slaty serpentine, 
and it often lies in alternate strata with these rocks. It 
is widely spread in the central chain of the Al^s, is very 
characteristically developed in the Fichtelgeburge, near 
Schwarzbacbi Wiersberg, ftc^ and also in the Eastern 
Carpathians. It very often contains subordinate beds 
or layers of magnetic iron-ore, ferruginous mica-schist, 
copper and iron pyrites, granular lunustone, quartz, &c. 
It is usually very distinctly stratified. 

Chlorite-schisr can scarcely be divided into separate 
varieties, which have not found a place under other heads, 
but some analogous rocks may be annexed to it, and may 
almost take the place of varieties. 

(a) The CHLOKiiJi-scnisT op Harthatj (near Chemnitz). The 
principal mass of tliis rock consists of an imperfectly foliated 
chlorite-echist of dark-green colour, traversed by many layers 
and veins of quartz. Numerous reiy distinct yellow spots appear 
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prominently arranged in certain zones. These were for a long- 
time taken to be flakes of talc. A. Knop has, however, ana- 
lysed this rock more namwly, and diaooveied that the spots 
do not consist of talc, but mostly of a yellowish-green micaceous 
substance^ a kind of pinite, which, however, itself appears 
to be a product of transmutation from oligoclase (or labra^ 
dorite), and in many place?* has pre8er\'ed its crj'stalline form 
and distinct cleavage. Strange to say, these felspar crystals, in 
the process of their transmutation into aggregates of mica, 
have even changed their outward shape, and acioniniodated 
themselyes somewhat to the foliated texture of the rock. This 
lock frequently contains some jmrites, brownspar, and titanic iron 
as accessories. It divides into plates or wood>like fibies. It forma 
subordinate beds in the clay-mica-echist of the same district. 

(6) Chloritoid Schist is the name ^ven by Hunt to a certain 
dark-coloured schist, very extensively developed in Canada, 
prinei pally (•< masting of chloritoid, a mineral closely allied to 
chlorite, and also to ottrelite. 

(c) PoTSTONE. \ Consists of a felt-like web of chlorite ; 

Tommv, LAVBZErmN, it is only rarely foliated. Specific gra- 
PiKH^™Bit.^''(X) ■ vity, 2-8 (?) ; content of sitfca, 

J p. c. (?) The mass is greenish-grey to 
blackish; its streak greenish-white. It is soft, sectile, and 
quite infusible. It sometimes contains mica, calcspar, dolo- 
mite, and magnetic iron-ore or iron pyrites scattered through 
its mass, and hence it sometimes eft'ervesces on the applica- 
tion of acid. In fire it loses 7*21 per cent, of its weight, pro- 
bably in consecj^ueuce of the large quantity of water whicli it 
ooQlalas (sometimes as much aa 11 per cent^. 

This zock is easily manufactured into mrebricks and fire- 
proof utensils. It is found in yeiy characteristic form in the 
Alps, together with serpentine as a subordinate stratum in 
chlorite-schist, and it forms transition states into serpentine — 
Chiavenna, Drontheim in Norway (?), Boston in Massachusetts 
Potton in Canada. 

Vwrmtrapp^ Poggend. Annalen, 1849, yoL zlyiii. p. 189. 

Kncyji^ Progr. der Chemnitzer (Jewerhschule, 1866. (P) Neuea 

Jahrb. f. Min. 1868, p. 808. 
lirmh, on (Chloritoid Slate, v. Leonhard's Jahrbuch, 1801, p. 574. 
. Deksse (l*ot8tone). Bullet, de la Soc. g6oL de France, 1867, [2] 

vol. XIV. p. 281. 
&tuder (PotijtoneJ, Bibl. univers. de Geneve, 1866, [4] p. 213. 

27. TALC-SCHIST. 

Talkschiefer. {Germ.) 

Talcschisie (Sz^AScmsxE, JBrongmart), (i^.) 

A schistose aggregate of tale^ usuaUg combined with some 
quartz or sometimes with felspar^ yellowish or greenish 
colour and soft greasy feeU 
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Spec, grav 2*6— 2-8 

Contai!i«» a r>0~ "7 p. c; at Zebernick, in Himgary^ only 
27-6 ; at Jliuterbriiiil, even 62* 1. 

The principal mass of these rocks consists of talc^ of 
light-yellow, yellowish-green, or greenish-grey colour, 
with a mother-of-pearl varying to resinous lustre. As 

it contains less silica than the mineral talc (which has 64 
per cent.), we may infer that some chlorite cntera into its 
coiiiposition. 

Tt contiuns little quartz ; and only in f)p"a5ns, flat lenti- 
cular particles, laminae, or irregularly shaped masses, or 
irregular veins, all subordinate as to size and quantity. 

Felspar is only to be seen in delicate particles scattered 
bere and there ; it is not more frequent than several of 
the following accessory minerals : — chlorite, mica, talcspar, 
garnet, actinoKte, asbestos, magnetic iron-ore, and iron 
pyrites. This rock forms transitions into chlorite-schist, 
clay-slate, mica-schist, and protogine-gneiss. 

VarietieSm 

(a) Common Talc-schist. ] Not unusual in the Alps. At 

Okmeiner Talkschikfkr. (Germ.) I Ochsenkopf, near Schwarzen- 
T^LCBcm^ coMMUN. (Fr.) j .^^ ^j^^ Er/gebirge, a 

Tariety fwith corundum) occurs imbedded between strata of 
uiica-8chist. 

(i) losi'WKNIlS Is the name which has been given to a variety- in 
the Uial Mountams, which contains much qnaiti oombmed 
with talcspar or calcspar, and from that comhinatidn asstimes 
a somewhat jrranular slaty texture. The aanie rock, at Bere- 
sowsk is displaced and penetrated hj Teina of Beieaite, which 
are again pent'trfited with quartz veins contnining some irold. 

(e) DoLKKiNE IS the nuiiie given by Jurine to a tulc-.schist with es- 
sential ingredients of felspar and chlorite, and according to 
Favre this rock is extensively spread in the Pennine Alps, 

Talc*-8chist is almost always stratified, and formjs alter- 
nating beds Willi other crystalline scliists. 

Heferences, 

G. lioaey on Liswanit, Keise n. d. Ural, vol. ii. p. 537, 
Jurinef on Dolerine, in the Joum. des Minps. vol. xix. p. 374 
Favre, on Dolerine, in r. L. n. Br. Jahrb. 1.^41), p. 41. 
^vhcerer, Analyse des Talksch. von Pohlun, in roggeud. Ann. 

1851, vol. Ixxxiv. p. 345. 
Jtk^ier^ Anal. d. Talkach. von Gasteiii, in Poggend. Ann. 1851, 

YoL Izxxiy. p. 368. 



Digitized by Google 



CHLOBITB, ETC., GBOUP, 2«S 

Feijenisikj Anal d. Talksch. v. Zebemick, in Jahrb. d. geol. 

Reichsaiut. 1B56, p. 807. 
Itagsky^ Anal. d. TaUcsch. y. Hmterlnritlil, in Jahrb* d. ged. 

RdchsaiiBt. 1864^ p. 642. « 

28* HORNBLENDE-SCHIST and HORNBLENDE 

ROCK. 

HOBNBLEirDSBCHIBnBB und HOBXBLBNDXFBLS, AkfHIBOLIT. 

Schists AicpmsouaiTB et Akphiboliihe, Bronffmart, (Br,) 

A. schistose or Jim-y rained to compact rock^ consistiiig 
chiefly of hornblende, comhined icith small quantities 
of felspar, quartz, or brown mica* Always dark-green 
to black. 

Spec. fpn>y» ^ • « • • • • 8— 8*1 
Gontauis flUiea • • • • . 48— 64 p. c 

This rock is most usually of foliated texture. Its prin- 
cipal mass is granular and sometimes also fibrous, and 
consists of common dark-green hornblende as its principal 
ingredient, with which some felspar, quartz, or mica is 
usually combined. If the latter are present in considerable 
quantity? then transitions take place into diorite (6), dio- 
rite-!schist (No. G a), or syenite-gneiss (A^o. 22). As 
accessories there also occur garnet, pistacite, iron pyrites, 
Hiagnetic iron-ore, &c. 

The varieties of prevailing scliistose cliaracter are usu- 
ally imbedded betv»reen strata of other crystalline schists, 
to which they clearly belong, and into which they pass 
over by grades, of transition. 

They also sometimes pass into rocks not of a fissile tex- 
ture, such as hardly can be classed with Ihe argillaceous 
schists, and which may perhaps be of igneous (eru]jtive) 
origin, especially as they form transitions into diorite. 

Varieties of Texture, 

(a) HOBKBLENDE -SCHIS I. ] Usually thickly foliated, and at 

HoRKBLENDESCHiEngR. (Oerm.) ' the same time' fibrous; this tex- 
6cH»nAMPm»)ii<iuB. j ^ occaaoned by the pa- 

xallel position of filnes of hornblende of Tarious wieknesSk 

Quartz and felspar occur as a part of the compound of the 
principal rock, out also in nests or veins. TLis rock is often 

found (subordinate) in strata of ^eiss, r^iiea-schist, and 
rhlorif! -schist ; e. pr., Miltitz, near Meifiaen^ and the district of 
Aliuichberg in the Fichtelgebirge, 



■ 



Digitized by 



^ C&YSTALUNK SCUISIS. 

At HimoTer in North America hornblende-schist is found, 

containing lar<ro dodecahedrons of garnet. 



(i) HoRxuLK\ i»E J Jock, 



Without fissih^ ti^xturo. K. £1. in 
the district of Hoi in the Hchtcl- 
gebirge. 

Variety in Composition, 

(c) AcTiNOTJTE-scniST. \ Chiefly consisting of artiiiolite, and 
fe^iuiu.-^mx Oder AcTO'o- [therefore entirely hbrouB, otherxvise 
uiBscmBriK. ( «rfii. J j^gt like hornbleinl(^-srhist. Found to 

the south of Oberwiesenthal in the Eizgebiige j also at Clau- 
sen in the Tyrol. 

We might also include eklogite (No. 44) under this 
head, but as it is at least doubtful if its origin be that of 
the metamorphic schists, and as it belongs to the rocks of 
exceptional character,* and by* reason of its richness in 
garnets may be cohvemaatly placed \rith the other garnet 
rocks, we have so classed it. 

Sitchofs Geologie (Ist edition) contains alniost the only de- 
tailed account of hornblende-schist. See II. p. 130, 
On aetinoliteHBchist^ see Meun in t* L. u. Br. Jahrb. 1640, p. 41. 

SCmSTS INDISTINCTLY CRYSTALLINE. 

These form the connecting link between the extreme 
metamorphic crystalline scliist.s (especially gneiss and the 
mica-schists) and the clay-slate and slate-clay rocks, 
which latter being much less changed are still distinctly 
sedimentary* We therefore term mem argillaceous mica* 
schists. 

29. ARGILLACEOUS IMICA-SCHIST, PHYL- 

LITE. 

Thongiohheeschibfeb, PBTiLiT,UBXH0ir8cmEim (Gemi.) 

A schistose aggregate in which mica is usually to he recog^ 
nised as the chief ingredient, or in which the peculiar 
structvrc of mica rocks is apparent, Somrf/nws the 
tvhoLc mass appears homof/cneous^ differing only Jrom 
clay-slate by its superior lustre, • 

Spec, grav 2'6— 2'8 

Contains silica 45—74 p. c 

Argillaceous mica-schist is but a transition state between 
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micapscliist and clay-slate, as is apparent from its passing 
over into both these rocks. We might term it an imperfect 

mica-seliist or a very much transformed and somewhat 
crystallif^ed clay-slate. Its chemical analysis also a<^rees 
with this definition. But its chemical composition vanes 
as much as that of mica-schist or clay-slate. Its principal 
ingredients are always quartz and mica (or some mineral 
of the same character as mica), but the quantitative pro- 
portions of these ingredients are very different in different 
rocks. With these principal ingredients are associated 
chlorite, talc, felspai:, hornblende, garnet, &c., which occa- 
sion transitions into chlorite-schist, talc-schist, hornblende- 
schist, and gneiss. 

The colour of these rocks is usually grey, greenish, or 
bluish-grey, but s(mietimes yellowish, reddish, brownish, 
and violet. Their lustre varies between the mother-of- 
pearl, the silky, and the half metallic They always have 
a distinctly fissile texture, but not by any means a perfect 
deayage. Sometimes they show fine parallel foldings, or 
sometimes there occurs a second fissile texture obliquely 
traversing the principal direction, occasioning a rough 
fibrous cleavage. When the slaty cleavage is perfect, it 
is usually not parallel to the stratification. 

In the apparently homogeneous ])riiici])al mass, we dis- 
cover grains or irregular lenticular swellings or masses 
of quartz, or else veins of quartz or flakes of mica (or 
sericite), chlorite, talc, hornblende, felspar, chiastolite, 
andalusite, iron pyrites, magnetic iron-ore, or graphite. 
When these minerals are considerable in quantity, there 
arise yarieties in composition. But these varieties are 
not peculiar to this rock ; they are necessarily repeated in 
mica-schist, as well as in clay-slate. 

Varieties in Texture* 

{a) Common Abgillaceous Mica-schist. 
Okhkcvsr Trongxjmiikrschzbfbb. (Otnn.) 

PlIYI,(,AI)K COM M UN (fATIXA). {Ft,) 

(b) Folded or CoyroKTKD. 

GiKALTirrKH TiloNGLiAiMKiiacHiEi'Eu. {Germ,} 

(c) FiBBoirs OR Woody Textubb. 

HoL/.AUTi(!Ku Thon'gi.tmmkrschzdbb. (Otnu,} 

(d) VeKV MICH COXTORTKT) 

f^EllU VKUWOIIKEN SCHLEFiUUiiH odcr WULSTIGKR THOXOUiUiEUSCilLKi'fiR. 

((term.) 

Pusstc, vamask, iFr.) 



Digitized by Gc5bgle 



266 



CBYSTALLINE SCHISTS. 



(e) NoDTTLAR Schist. 

KxoTKNacmsFBB. (Germ 
6CHI0IB woioouam» {Fr 



^ \ Which we also enimierate below, ae 

n.) 1 * - ' • • ' 



rmsfty in compoeitLoii. 



Xruiiiiitiou into mica-schist. 



) 



Varieties in Composition. 

(f) Rich m Mica. 

OuMMSMflacH** Thoxolim 
MKRpcHiEFBB* {Gtrm,) 

IfXCACK. (Fr.) 

(g) Rich ts Quartz. 

gUARZWaCHKR THOXOLntMKB- 

9canunuu (Germ,) 

(A) Chloettic. 

CttuJnrnscHEu Thongldimkb- . 
BCHIEFER. {Germ.) 

Talkiokk TuoNfii iMMER- L ForDiing a transition into talc-schist 

0CaiBFBll. (derm.) | 
TAIXJUKUX. (Fr.) / 

(U) A Variety containtt^g Hornblende. 

HORNBLEKDKEALTIOEU THONOLIMMKitf»CHl£t'£R. ((7erm.) 

(G^rm.) I into gneiss. 



Forms transitions into quartz- 
schist. 

Fonning transitions into chloritic 
echiBts, 



transition 



(Cferm.) 

GREKATIKftRE. (fV.) 

(n) iSERICITE-SCHIST. 

SBBicxnoKDDnBB. {€ferm,) 
ScHnaTB 1 SfeBicsra. {I^.) 



a tnmeitioii 
into gamet-micBrflchist. 



(m) A Variety containing Garnets, x ^ 

GBANATHALTIGKB THOSOUMMKBSCmiSFfiB. I 

' The name given by List lo a variety 
whose principal mass consists of sen- 
cite (a green micaceous minevaly te- 
sembling- damoiirite, with a silky lustre, see ante, p. 23), and 
which usually also contains quartz and felspar (albite according 
to List). The colour of this rock in the Tannu?, Tvherc it is 
Tery extensively developed, is preenish with gi-een and yellow 
spots, or violet. It is often penetrated by veins which contain 
quartz and albite. The very considerable quantity of alkalies 
which it contains, especially of potash, is remarkable. List 
fiirthef difltingiushee thiee aub-Tarieties, accoiding to their 
colour. 

(a) Violdf yeij soft with thin slaty cleavage. Spec gray, 

2-88. 

(0) Green, harder, with thick slaty cleavaa-e (folded), with 
little albite, and a microscopic q^uantity of magnetic 
iron-ore. Spec. grav. 2' 79. 

(y) 'SjpoUed, soft ; often decomposed j with much albite and 

quartz. Spec. grav. 2*68. 

(o) Oterelitb^chist. ^ Theprin( ipalmas8foliated,anduBaa]lj 

OiruFxrrscHiEKKR. c/7.^-m.) Icrrev. It contains greenish lamiMB of 
scm^TEAOTTitoK. (/>.)] ^^^^^^1^^ ^.j^j^ ^.^^^ ^ frequently 

found in the Ardennes. It lias also been discoyexed by Giim- 
bel in the district of Ebnat in lUvaria. 
(p) Chiastolite-schist. \ The mass is slaty, and usually 

dark-coloured. It contains many 
cr}'stals of chiastolite disseminated 



CHiASTOurascBiBfSB. iOtrm.) 

SCHUXB MACUFfcBB. {Ft,) 
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through it in the most opposite directions. Tlie chiastolitc- 

schist (which also forms a variety of clay-slate) is found un 

the contact margins of plutonic igneotis rock% g. Bext to 

granite. Near Ge&ees in the Fichtelgebirge. Also ahundant 

about Skiddaw, Cumberland. 

(g) NoDtTLAR or Spotted Schist. \ This schist contains small coo- 

KnQTKwacHi gPKB, V hocK' oder fcretions of diflerent structure, 
FRUGHTBCBiBnBR. (Germ.) - 1 1 ^1 X 4. ^ 

ScHiOTE NODULBUX Oil BiiBAKfi. hardncss, and colour to that of 

(/'r.) j the g-eneral mass. They are, for 

the most part, harder and darker, and they either form small 
knots or only spots with indistinct margin ; sometimes they 
lesemhle the^ euirants in a finiit-pudding, hence their different 
names. Their composition has not yc^ been determined with 
accuracy by the vanous mineralogicai chemical analyses which 
they have nnderg-one, according to whicli they have been suc- 
cessively taken for a kind of fahlunite, for hornblende, serpen- 
tine, chiastolite, or andaliisite. It is very possible that at 
different places they are somewhat differently composed. In 
reference to their origin, it is of special interest that according 
to the careful inyestigations of Oarius, the schist with nodules 
does not differ in the quality or proportionate quantity of its 
ingredients from the same schist without nodules farther re*- 
moved from the contact, so that no new substance appears to 
have been added to form those concretions, but they appear 
rather to have arisen from a new arrangement of the previously 
existing ingredienta. At the margin of the ja'anite in the 
Western Erzgebirge and Voigtlaud, these noduW- achi^ts are 
very frequent, and are observed there just as much in tiie cUy- 
mica-schist as in the ordinary day-slate. A similar appearance 
occurs at Wechselburg in SaiKony, in a tods, which is decidedly 
mica-schist. 

(r) Alum-schist. \ This schist contains much carbon, and 

Alauxsc hiju'Tsr. iOetm.) [ is thereby rendered black. P>Tite8 is 

) always mixed \nth it in liiir ]>articles, 
tlnough whose decomposition alum and iron- vitriol are formed. 

Ll the ease of this variety, we can only decide from the 
bedding whether it belongs to argillaceous micarsehist or to 
day-slate, for the carbon which it contains thoroughly oblite- 
rates the slender landmarks by which the difference might 
otherwise be established. Tt is charactenstic of most of the 
alum-schists, that they are of ven^^ much contorted or di^plficed 
texture, and are frequently per\'aded by irregular .swollen- 
shaped fragmenta of quartz and lustrous but bent laniime 
(mica), and sometimes also lenticular concretions of bitu- 
minous limestone or anthraoomte. Beidienbadi in Vdgfland. 
(js) Cabbonaoboto Schist, Black Oeaul ) In the case of this 
ZKicTTyENscmEFER, srmvABz« ZsKmB. (Oerm,) variety, very rich in 

/ carbon, we can only 

determine by its bedding wdiether it belongs to argillaceous 
micarschist or to clay-slate. It is a quartzle^s and very soft 
slate, which, from admixture of carbon, is of a black colour, 
and also imparts a black streaky so that it may be Uiaed lor 

S 
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dra-^ infr or writing. T.ii»l\viL^8tadt ia the Thuringian Forest, 

where it belonjrs to t lHy-siate. 

All the abovc-inontionpfl varieties in composition are 
equally applicable to the ordinary clay-slate as to the 
ai^gillaceous mica^-schist, and we shall tlierefore have to 
enumerate them again when we oome to consider that 
rock, but our previous descriptions will suffice for both* 

Argillaceous mica-schist is usually also distinctly stra- 
tified m addition to its foliated texture, which, as uready 
said, is not parallel to the stratification ; otherwise, as to 
its bedding and extent, it exactly resenil>l( - mica-schist, 
with this onlv difterence, that it more ii>n;illv than that 
rock is interst ratified with the oldest sedimentary and dis- 
tinctly fossiliferous rocks. 

By the name of argillaceous mica-schist we do but 
seek to establish a stage of transmutation between clay- 
slate proper and mica-schist. 
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CIIArTEE III. 

SEDIMENTARY AND FRAGMENTAL ROCKS. 

AlXj sedimentary rocks are stratified ; or at least, their 
beds lie one above the other in parallel planes. The 
greater part consists of the debris of older rocks mechani- 
cally washed together and deposited from a state of sus* 
})ension in water. A few only are tlie result of chamcal 
precipitate of mineral substances. Many contain organic 
remains (fossils) more or less distinct ; soine consist entirely 
of such. 

As a consequence of their origin, the sedimentary rocks 
are rarely of genuine crystalline conformation. Some, 
however, which appear to be actual c Ik rnical precipitates 
from aqueons solutions, such as gypsum and rock-salt, 
usually possess a crystalline structure. 

Follow ing the different origin of these rocks^ we may 
divide them into 

(a) Mechanical dejposits. 

(b) Chemical precipitates. 

(c) Bocks resulting horn organic processes* 

(a) FhytogeniCf caused by the accumulation of vege- 
table matter. 

()8) Zoogenic, caused by the accimiulation of anunal 
remains. 

The minerals wliich chiefly predominate in sedimentary 
rocks are not the same as those which are most abundant 
in the igneous and the metamorphic rocks. We find in 
the sedimentary rocks little or no felspar, hornblende, or 
pyroxene. The following are those which occur with 
greatest frequency : — Quartz, which in general tenns we 
may call the most abundant mineral of the earth ; clay 
(itself, however, a compound rather than a distinct mine- 
ral) ; carbonates of lime and magnesia, as calcspar (lime- 
stone) and dolomite ; sulphate of lime, as gypsum and 
anhydrite ; cliloride of sodium, as rock-salt ; finally, coal 
and iron-ores« 

Gypsum (or atihydrite), salt, coal, and iron, usually 
form distinct and separate beds of comparatiTely small 

8 a 
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extent : the principal and most important sedimentary 
rocks arc coinjK)sed chiefly of the first-named of the above 
minerals, quartz, clay, and carbonate of lime (or magne- 
sia). They may be accordingly divided into argillaceous 
rocksy calcareous rocks, and quartzose rocks. The marl 
rocks occupy an intermediate place between the calca- 
reous and argillaceous* The quartzose rocks may be 
divided into tiie arenaceous or sandstones, and the con- 
glomerates, to which we may add certain other fragmcmtal 
rocks containing less quartz, usually termed tufa or tuff. 

The material for all these several rocks was mostly 
derived from the disintcfifration of more ancient previously 
existing rocks. The igneous rocks, by the decay of their 
felspar^ hornblende^ augite, and mica, have supplied the 
following substances towards the formation of the sedi- 
mentary rocks: — ^argillaceous mud, and weak solutions 
of lime^ magnesia, silica, potash, soda, oadde of iron; 
their quartz has fiimished grains of sand ; in some cases 
their mica has remained undecomposed, and is found as 
mica iu minute laminae in the sedimentary rocks. The 
older sedimentary rocks have also in process of time be- 
come disintegratod , and have furnisliod similar materials 
to form the more recent, and every solid rock has at times 
furnished pebbles, and other fragments for the formation 
of conglomerates. 

The several sedimentary deposits have been divided 
into so-called formations, according to the order of their 
superposition, and consequently of their age, and these 
again have been gathered into groups, which answer to 
longer periods of deposit. 

It may therefore be useful here to present the following 

TABLE OF GEOLOGICAL PEBIODS."^ 

r Itscent Formattons of every kind, 
>> Mud, sand, gxavel, calcareous and volcanic tuff, coral lee&y 

•a hog izon-oie, tiuf, peat, &c., guano, infuBorial beds. 

H ] Pleistocene, or Post-PUocene Fonnatimi, 

T 

m I Diluvial or glacial deposits, loam and breccias of bone- 

£ I caverns, brick-eartifaL and fluviatUe loam or loess, valley 

t gravelB, bog iion-oxe, calcateoua tuff, coial-rec^ &c. 

* In diffweut countries these are somewhat differenUj divided and 

HHwn f^ i 
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"Fkioeene Formations. 

Red and coiaUine crag. 

Absent in England. 

£ocene Formations. 

Fluvio-marine strata of Isle of 

Wight and Hampshire. 
Bagshot aeries. 

London clay and Bognor beds. 
Plastic clay or Woolwich and 

Heading beds* 
Thanet beos. 

Cretaceous Formations, 

White chalk with flints. 
White chalk without flints. 
Chalk marl. 
Upper greenaand. 

G a Lilt. 

f Lower greenaaud or neoconiian. 
\Speeton day. 
WeaLden beds> weald day, and 
Hastings sand. 

Oolitic or Jurassic Foi^mations. 
Purbeck beds. 
Portland beds. 
Kimeridge day. 

Coral rag:. 
Oxford clay. 
Cornbra-sh. 

Forest marble and Great or 

Bath oolite. 
Fullers' earth. 
Inferior oolite. 
Tapper lias sand and clay, 
Warlstone or middle lias. 
Lower lias day and limestone. 

THffsitc FarmaHons. 

Penarth or Kbrpfic bods. 
Dolomitic conglonit riite. 
Ked marls with rock-salt and 

g^psimu 
White and brown sandstones 

(waterstonesV 
Hed and mc tllrd sandstoneSy 

pebble-beds of conglomerate. 



Aralo-Oaspian deposits. 

Molasso formation of the Alps 
— ^Tegel, near Vienna. 

Browncoal formation in North 
Germany. 

Nummuliten formation. 
Flysch fonnation. 



Maestricht beds. 

TnroTiien, quaderaand, planer. 
Ceiiomanien. 
Albien, aptieu. 
Hils-formation. 

Beister formation. 



White Jura. 

Lithographic date of Solen- 
hofen. 



Brown Jura. 



Black Jura. 



Keuper. 

Koessen or Upper St Cassian 
beds. 



Muschelkalk (absent in Eng- 
land. 
Buntaandstein. 
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DyOA or Permian FornuUions, 

Hed mnrl'i and m&gnesian 

limestone. 
Lower saadstone. 

Ooal-measuiea. 
Milktone grit ^ 
Carboniferous limestone 
Lower limeetone shale. 



OSBMANT. 



Zophsfpin formation. 

Kupfersciiieter. 

Kothliegendefi. 



Steinkohleu fbxzuatioii. 

Flot/.leerer sandsteiiL, 
Koblenkalkstein. 
Kohlen formation of Hai- 
mcheny or kulm. 



Dewmian Fcrmatum (Old Bed Sandshne), 



Dartznoufh slate group. 
Plymoutli group, 
liskeard or Aslibttrton 

group. 
Old red sandstone. 



C>npridmeii8cli26fer, or 
KramenzeUteui. 

Strin )cephalen-Kalk. 
Calceolaischiefer. 
Spirif' ren-Sandstein and 
iScliiefer. 



} 



Sibirum jFomuUioru, 

Ludlow group 
Wenlock group 
May Wll group 
Lower Llandovery "beds 
Caradoc sandstone and Bala beds 
Llaudeilo flags 
Lingula Hags 

Ctrnibrim FormaHom, 

Qritstope, sandsfonei and slate, with few or no organic 
remains. 

^Lauientian rocks of Canada and the north-west of Scotland. 

Below tlio sedimentary rocks are usually found the 
crystalline schists. 

The entire series of formatioDS is^ however, never to be 
found in any one locality. 

The mere geological age of deposit does not inform us 
of the nature of the rock, nor can we, on the other hand, 
from the petrographic character arrive at its geological age. 
Both attributes are to a certain extent independent of each 
other. No kind of rock is restricted to any pariicuiar 
period, and although there exist some very general diflfer- 
enecs between the rucks of recent and ancient deposit, yet 
even these do not prevail universally. 
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ABGILLACEOUB GROUP. 

The argillaceous rocks were ori^Ijially notliinsr but 
seciiinents of clavcv mud, \vltli some admixture of fine 
quartz-fiand^ Hakes of mica, hy.drated oxide of iron, and 
organic remams. These materials, by a slow process of 
transmutation and mechanical consolidation, have ulti- 
mately become solid rocks, some of them carboniferous or 
bituminous. . 

The principal rocks of this group are clay-slate, argilla- 
ceous sliale, claystone, clay, and mud or silt (loess), with 
their several varieties. To these we must also add the 
marl rocks. 

To arrant^e these rocks accordinsj to th< order of their 
origin and development, we should begin with the clay 
and loess, from which (perhaps by the simple agency of 
pressure) claystone, argillaceous shale, and clay-slate have 
oeen successively formed ; the several varieties of these 
rocks bein^ occasioned by the accessory admixtures con- 
tained in the original compound. 

In the present treatise the order is inverted, and the 
metamorpliic rocks havino^ been already described, we most 
naturally pass hrst to those of the sedimentary rocks which 
are nearest to them, i,e,, the most changed, taking the 
newer formations last. 

We cannot draw a sharp distinction between argilla- 
ceous mica-schist, clay-slate, and argillaceous shale, but 
the extreme or ideal development of each of tliese stages 
of transmutation has a marked character, distinct from the 
others. Characteristic argillaceous micarschist is still 
somewhat crystalline ; clay-slate is not crystalline, and in 
fracture it is dull, but yet firm, and has a perfect slaty 
cleavage ; characteristic argillaceous shale, on the other 
hand, is soft or flexible, separates along the lamination 
instead of by slaty cleavage, and is more obviously an 
earthy aggregate. Argillaceous mica-schist frequently 
contains various crystalline accessory minerals, but genuine 
day-slate much more rarely, and of fewer kinds ; argil- 
laceous shale at the most only occasionally contains some 

pyrites. 

30. CLAY-SLATE. 

Thonschiefer. (6Vrm.) 

SCHISXE AUGILEUX, ScniSIE ARDOISIEE. (JFV.) 
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A compact ^sile rock of a dull blue-grey ^ bright red^ 
purple, preen, or blaet colour ; consists chiefly of clay ; 
sometimes with accessory admixtures of quartz, mica, 
and other minerals^ 

The slaty cleavage is usually very perfect, and only 

occasionally coincides with the original lamination of 
the rock, 

Spc. p^rav 2-5— 2-8 

Contains silica 40 — 75 

The characteristic feature of clay-elate as distinguished 
from other rocks of the argillaceous group is that its slaty 
cleavage, frequently very perfect^ is altogether inde- 
pendent of its original bedding, although in some instances 
(which we may regard as accidental) it coincides with the 
origiual lamination. Whether this slaty cleavage is due ti> 
pressure, or to some ac-eney resem Idling the crystallising 
force which has acted nii smaller mineral masses, has been 
a subject of debate since the time of Sedgwick, who first 
called attention to this important phenomenon. It is a 
question which is still unsettled, and which must probably 
so remain for some time longer. 

Varieties in Texture. 

(a) ComcoN Clat-blate. \ V^th perfect or imperfect 

Gemkikkr thoxsciiiefer, (f7rri„.) . clesTaffe, Tery variouBly CO- 
BM^ """x-- (^; > ) lo„,e< mi often rich In ac- 

crssory minerals. It contains, e. g., quartz, in irregular masses 

(or swellinirs), or lenticnkr Tiiasses. or in reins ; pyrites, in 
crystals or nodules, &c. ^Sometimes its slaty cleavage is mur h 
distorted. It is very frequent in all districta of the transition 
period (greywack^^ in Germany. 

(b) BoOFmo Slate. \ The name given to the purest 

^"^^'^T^ i wrietie.ofcl.y-d«te>who«ecl«jr- 
ScHisra ABDOBBB. {Fr.) 1 Very peifect and smooth, 

^ allowing oif tneir being split into 
very tliin plates, which nevertheless retain a high ctegree of 
iirmne&j and solidity, A dark-colourpfl variety, containing an 
admixture of carbon, is termed in Genimny Ttifelschiofor. 

K»K)iing slate, with a view to its titness for the purpose its 
name indicates, should be free from accessory crvstallised in- 
gredients. North Wales, Lehsten in the Thuringiaii Forest, &c. 

(c) Peitcil-slatB; Pinsill \ A clay-slate of pure composition, 

or Penc il. f soft, but withal jtrm; separated or 

2SSS^mQi2:""'^ I p.^'^^^^ (^^ 

(jv,) J vage crossing the planes of lamina- 

tion), and used for writing- on skte. 
Fotmd in North Wales, Sonnerberg in the Thuringian f orest, 
and other slate districts. 
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Varieties in Composition, 

(d) Whetslate, Wttt:tstoxt3, Hokb^^ Tide is a very highly sili- 

OiLSTONE, NovACULiTB. I coous play-slate, perfectly 

2£[^"!'t''*l' ^ ^ j compact and horaoireneous. 

Charpentier, (iV.> j Usually only indistinctly 

of slaty cleavaffe, and its 
fnctaie often oonchmdal and even splintery. Used for sharpen- 
ing kniyes and other inatruments. E. g. Wales, Deyonshtre, 
Katzhtitte in fhe Thutingian Forest. 

(e) Cabboitacboits Olat-slatb. ) Passes into alum-schist and 

^""TS^)™* [ hlack chalk (Zdchnenschiefer), 

ScHiBiB BomLuou (A*,) SOB p. 267^ ante. 

(/) Abbnacbous Olayhblate. ) Passes into argillaceous sand- 

Sandiger THONscmEFER (Grau- \ stone. Bv the Germans it 

WACKEN8CHIKPER). (OfTm.) / • r *^ xi a i 

' ' IS frequently termed orey- 

wac-ke-slnte, from its occurrence in the transition or greywack^ 
fomiatioQs. 

{g) Micaceous Clay-slate. ) Diflerinc,^ from clay- 

GuvHBBitBCHSR TaoNscHiBFBB. ((?<T»«.) . mica-.sciiifit, in that the 

BGHIBR moica (TAILLBia). (iV.) ^111 c ' _ ^ : 

^ / ^ / liakes of luica are evi- 

dently only mechanically dispersed. This variety also passes 
in Germany under the name of greywack^-slate. 
(A) Galcabeous Clat-slate. ) Containing numerous lenti- 

KALKKXCTT-rTl TlTON'.'-JcItlKrKR (KBA- ' ' - - - 

MKXZJELsTElX). {Genn.) 



cular or irregular nodules 
of limestone (which fre- 
q^uently owe their origin to fossils) ; passes over into nodular 
lunestone. 



The varieties Avhicli we have already described under 
the head of argillaceous mica-schist we find repeated in 
tlie clay-slate, and accordingly we have : — chlorite-slate, 
talc-slate, sericite-slate, ottrelite-slate, chiastolite-slate, 
nodular and spotted or mottled slate, alum-slate, and 
carbonaceous slate. 

Clay-slates are usually yeiy distinctly stratified, although 
their slaty cleavage does not in general correspond with 
the planes of their stratification. 

Clay-slates are not confined to one geological period of 
formation ; the genuine clav-slates, however, usually only 
occur in the older formations, viz. the transition or s^rey- 
wack^. In the newer formations shales are Ufcually 
found. Nevertheless there are exceptions to this rule; 
in the Alps there occur genuine roofing slates, also com- 
mon arenaceous and micaceous clay-slates (Grauwacken- 
schiefer) belonging to the Chalk and even to the Tertiary 
periods. 
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Geological Varieties* 

(1) Glakus Slate. ) A genuine clay-slate, in part a 

iCATTSHKiiscHiKncB, BttT, I ToomiffHBlatey oocurnng in Switzer* 
scm^"^iu.i (I.™. 1 I'olongmg to one of the Tei^ 
{Ft,} ' / tiary penods. 

C2') Ctpem Slate. > clay-slate with Ci/pridintT, the 

CYpRiDiKERsrnTrrKn. ('7«vm.) [ upper member of the Devonian 
ScHii?rB A Cvi iuuiNE. (/V.) ) formation at the Rhine and Hart z. 

(3) WisbENBACH Slate. ) a clay-slate of the Devonian 

St?^?SSS.^^^^ formation at the Hartz. 

(4) CiLCEOLA Sl \te. \ ^ black and sometimes calcaieous 

* CALCEOLA8CUIEFER. (9<rm.) f claj-slate of the Devonian forma- 
scBuiB 1 GALctem. (Fr,}f tion at the Hartz. 

(5) GnEYWACKt-sLATE. ) Ah arenaceous and usjially nd- 

Gr-vitwackenschiefer. (Germ.) r caceous clay-slate of the transi- 
Qbaxtwacek sciosxEusB. (/V.) ' tion periods. 

(6) GBAPTOtlTB Slate. , ,4 ^lay-slate, or sometimes a si- 
^ ^ GrLvrToLiraxscHiKFEB. (Oerm.) 1 liceous slate ( lydian-stoue) With 

ScuifiTE k geapxoutes. (Z'r.) ] Graptolites, belonging to the bi- 

lurian formation. 



31. AKGILLACEOUS SHALE, SHALE. 

ScHiEi'EKTHON. ( Germ. ) 
Abgile schistbuse. (i*/-.) 

A laminated clay-rock whose Jissile texture is due to its 

original stratijication and not to slat?/ cleavage. In 
other respects, similar to clay-slate. Shale and clay- 
slate pass into each other, and many shales show a 
tendency more or less decided towards a slatif cleav- 
age* Shales are usually more recent^ geologically 
speaking^ than the genuine elay^slates* 



Varieties in Texture* 

(a) CoMMO^' A^nrLLACEOus Shale. ] Ts otiIv a softer, le^^j firm, 
GfiMEiNEH ScHiEFEiiTuoN. {Germ.) r and more eaithv variety of 
AKaiLB 8CH»mrn ooionnn. (/V.) ) ^^.^^^ ^v\l^^o^lt its cleav- 
age, but laminated accordinir to the plane of its original 
deposition.^ It is oftoi mixed with quartz graina and "witb, 
flaJceBofmica. 

(5) SCHIEIISBIiEITEE' (of German geologists) is a modification of 
the u&tial argillaceous shale in which the clay is still some- 
what moist, and the rock therefore is somewhat plastic and 
greasy. 
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Varieties in Composition. 

(<;) Bituminous Shale, \ Of dark-brown colour, pass- 

Bitumis5bbr Soboefibbthon. (Germ,) [ ius into BrandscMefet. 
Scsnrn nnnaKnix. (/V.) ' ° 



(d) CARBONACBOrS ShaML OAItBONIFEROUS 

Shale (Batt or Bass, Kelts). 

KoHiiEKSCBixPBiu (Oerm.) 
ScBwra BOunuB. (/V.) 



Bark-grev to black, 
. from aiuniztuFe of 

carbonaceous matter; 

frequently arenaceous 

or niieaceous. When many fossil plants occur in the rock, it is 
sometimes called in Germany Krauterschiefer. Tliis rock es- 
pecially belongs to the Coal formation. 



(e) Variegate]) Shale, 

BCNTEU SC'HIKFKUTTION- odPT 



Yellow, red, violet, or green, 
according to the different de^n-ees 

8chIJS"SSSS:1>»-.5'"™'^) «»f ««i<i«tion of the iion wh£h it 

contain 

(/) ARENACEors Shale. ) l^as log into argillaceous aand- 

Sakdigbr ScHiEFEKTHON. (Germ.) I stone. 
SGBUTB 8ABUEinC (A*.) * 

((/) Micaceous Shale. ) Corresponding with mi- 

Gi.iMMi uuEicnEu scHiBFBRTHOH* (!0«rm,)\ caceouB claY-fllate. 

(A) CALCAREors Shale. ) Slightly effervescing with 

MBiU}SLio£a ScHiEFKR-nioN. (Qemi.) \ acid : pafsinsr into calca- 

8CBI8IB MABSEUX. (/V.) ) TOOUS filate.* 



Geological Varieties. 

(1) Fltsch, an arenaceous and micaceous ahale, sometimes approach- 

ing the state of a day-slate. Eocene in the Alps. 

(2) FucoroAL Shale ] With remains of Fucoids. Eocene 

JtrcoiDBNscHUEFEii, (Qtrm.) r and older in the AIds and Carna- 
8CHISTB X FuoolDBB. (iV.) i thions 

(o) RoETH, a term employed by the German geologists for a varie- 
gated arenaceous shale, tvhich occurs imbedded between the 
SfuBchelkalk and variegated sandstone (Thnringia). 



* 'The colliers' and quarrynien*8 terms for shale are bind, blue- 
bind, metal, plate, &c. ; when very fine and containing a large pro- 
portion of carbonaceous matter, the collier calls it batt or bass, tli i 
freologist carbonaceous (or bituminous) shale, and the coal uiert Imnt 
r>ften ^^late. In Scotland the collier's term for shale appears lo be 
blaes or blues, the shale being often bluish-grey ; when lumpy they 
are called lipev bitted. Blsek argillaceous dudes or ''hatts'' are 
called danks.'' Fekes or grey fekes seem to he sandy shales such as 
would be called rockbinds in South Staffordshire (see Williams' 
''Mineral Kingdom.") In the South of Ireland, carbonaceous shale is 
called liilvc, and indurated slaty shale is termed *• pinsill " or " pencil/' / 
as it is often uaed for slate pencils.' — Jakea, 
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(4) WKiti.N ER ScHiEFER, a shale, usually arenaceous and micaceous, 

oocufs m the Alps in 8trat% wltich there xepieeent tiie Taiie* 
gated sandetone famuition. 

(5) Gabbonifbroits Shaxb or Slate. ] This is a geological 

KoHLExscniEFER (KRAtm;x«riiiKFEn). iGtntu) . deeijrnation applied 

SCHl«THCTABGILECAUHOMKf:HKS. (AV.) J ^ ^^.^^^^^ ^^^^^ 

Coal forniatioDi whether or Jiot they actually coutaiu carbon 

(sec ante, e). 

(6) PosiDONOMYA Shale. ] A diirk-coloured shale of the 

POBipoKOMTBwcHngra. (Germ.) v Carhoiufeioii8 formation (that 
Somen X foodohokym. (/v.). j the Liaa formation is a Wtu- 

minous marl-alate). 

(7) WsKLOCX Shalb. Silmian fonnatiion, England. 

The f ollowing relate chiefly to chemical analysis of day- 
slates and argillaceous shales. 

0, X. Erdmann^ Thonschiefer in Thuringen^ Joum. f. techn. 

Chem. 1882, vol. xiii. p. 114. 
Frich, Tlionscli. in Thiir. am Harz in Westphalen, Poggend. 

Ann. 18.%, vol. xxxv. p. lt)3. 
Pieischl, Tliouseh. in Buhinen, Journal f. prakt. Chemie, 1844, 

ToL zzxi p. 45. 

Ddem^ Th<mflch. in den Vogesen, Ann. dea BGnea, 1847, [4] 
vol. xii. p. 303 ; 1853, [5] voL iii. p.747 5 and BuUet de la Soc. 

g6ol., [2] vol. X. p. 662. 

ForchJuimmer, Tlion>4ch, t. Cliri'^tianifi, Oversi^ over det K. 
Danske Viaensk Siiesk Forhandlmg:er, 1 844, p, 91 . Joum. 
f. prakt. Chem. 1845, vol. xxxvi. p. 894 j and on Bomholm, 
Berzelius, Jahresber. 1844, [25J p. 405. 

Thonsch. bei Christiama, ^yt. Mag. f. Naturv. 1848, [5] 
p. 317. 

I^erulf, ThoDflch. hei Chriatiania, in Chriatianiaa Silurb. 1855, 

p. 34. 

JwatihoWy ThonBch. bei Christiania, M4m. Acad, de St P^terab. 

1859, [6] p. 8-25. 
Wilson, Thonsch. in Schweden, Phil. Mag. 1855, [4] p. 114 ^ 

p. 417. 

K. V. JIauer, Thonsch. in Steiennark, Jahrb. d. geol. lleichs- 
anst 1854, pp. 363 and 869. 
' Feijendik^esfDiss Schiefer, Jahrb. d. geol. Bdcha. 1855, p. 852. 
Sauvcu/e, ArdeimenRcrhiefer, Ann. des Mineai, 1845, [41 yol. yii. 
p. 420. 

JJsf, Tannusflchiefer, Ann. d. Chem. u, Phann. 1852, vol. 

Ixxxi. pp. 192to260. 
K(ii/m\ Thonsch. von Clausthal, v. L. u. Br. Jahrbuch, 1850, 

'StAmMf Amehmg and v, d, Mark^ in den VerhandL d. naturh. 

Ver. d. pr. Rheinlande, 1851, pp. 10, 56, and 127; 1853, p. 

127; and 1855, p. 122. 
i{tM0, QeoL Be8chr. d. Gegend von Baden, 1861, p. 47. 
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32. CLAY and LOAM. 

Thon imd Lehm. {Germ,) 
AiboiLE. (JFV.) 

These are earthy deposits chiefly consisting of clay^ and 
when moist are more or less plastic. 

Loam or lelim is a word of German ungiu ; between it 
and clay there is no sharp distinction. The purest and 
therefore the most plastic yarieties are called clay (also 
potter's clay or pipe-clay). They are usually white or 
greyish-blue, but sometimes yellow, red, or greenish, 
or (if containing carbon) even black. Those varieties 
which contain much fine sand and hydrated oxide of iron 
are called loam (in Germany, Lehni), and the iron usually 
gives them a yellow or brownish colour. 

Varieties in Composition* 

(a) Clat. ) The puiest Tsrieties are white or light-bluish 

Thon. (Ocrm.) v grgj^ gj^j^ y^ry plaatic. These aze called 
KoiLE. ( r.) j pQiJ^g pipe-clay. Those containing 

much silica or fine sand are called liie-elay ; those containing 

bitumen, "bituminous clay; some are ranously coloured by 
different oxides of iron, and are then tenned variegated clay. 
{b) LiOAM. ) Contains more or less sand, flakes of micit, and 

Lkhm. (Oerm.)i sucL like admixtures ; is coloured by hydraied 
oxide of iron, and is therefore less plastic than clay, almost 
earthy and yellow oi brown in colour. It sometimes even con- 
tains small ciyetak of felspar (Glasurlehm of the Oemaas) ; 
or it contains particles of hme^ marly loam (Mergellelim ) ; or 
nodule8ofniari(L()>skinde1n) ; nodules of pyrit^(Kieaknollen); 
microscopic shells, kc. If it contains a very large proportion 
of bvdrated oxid(; of iron, then it pa-sses over into yeUow OChre 
(Geiberde), which is used as a colouring matter. 



(c) Saulfebous Clay. 

Siiuxraosr. (Otrm,) 
Aboilb sAUVtaa. (JV.) 

with rock*salt 



A clay containing chloridu of sodium, 
sometimes with distinct grains or crvs- 
tale of this salt i usually occurs together 



The followiDg are the geological terms of certain 

clays : — 

(1) Loess, or Diluvial Loah. \ Frequently somewhat calcareous 

iSS\iiMrDiLuvi»i. (/V.) I with marly nodules (Losskindeln). 

(2) Tile or Bkick' Eabih. t A Miocene or Neogene deposit of day 

Tbosl. (Germ.) i jn the Vienna basin. 

(3) Bkowncoal Clay. ) UkuuIIv wliite. Miocene in ^vortii- 

BuAUKKOHifhTHoii. (Germ.) ] ern Geraiany. 
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(4) Sbptabiak Glat. i Containiiig septaria of lime, in Norih- 
SBFTARiBirrHov. (Am.) [ era Gennany MiooeDe (or £ocene)* 

(o) Barton Clay. ITampshirr, Eorone. 

(0) BonxoK Clay. Eoc(>ne of tli<^ Hampshire baain. 

(7) London Clay. Eocene in the London basin. 

(8) Clay. | Eocene in the Paria baan. 

(9) HnjB Clay. > In the Hila foimatian (Wealden) of West- 

HUOWMT. (Oerm.) \ phalia. 

(10) Spgkton Clay, in the Lower Greensand formation of England. 

(11) Weald Clay. ^ ^ J In the Wealden fonnalion of Suaaex. 

AKUILE VVE.VLDIKXNE. (/V.) > 

(12) ORNATEir-THOV. (Oerm,) With Ammomtet omatm in the Jura 

formation of Swabia. 

(13) OPALnnrs-THoN. { fhrm.) With Ammon^ <ipaUnm in the 

Brown Jura of Swabia. 

(14) KiMERiDGE Or AT. I In the Jiiia formation of Et^land. 

(15) Oxford Clat. I In the Jura formation of England. 

AltOrUC OXPOUDIEN-NE. {Ft.) > ^ 

(16) Ahalthbkx-Tiidn. ( Ocnn.') With .dinmantitM anuMemfmike, 

Lias formation of Swabia. 

(17) Turneri-Thon. (Germ.) In the Liais formation of Swabia. 

(18) Miacyten-Thon. (Germ.) Containing 3iyacti^c«, and frequently 

also remains of plants, the lowest branch of the Keuper forma- 
tion in Thuringia. 

As clay loses its plasticity when subjected to a strong 
pressure, especially ii' accompanied by bif^h temperature, 
the pltistic clays are chieiiy confined to the recent forma- 
tions : the older clays have doubtless been converted into 
ai^illaceous shale^ day-slate^ or claystone. There can 
be no doubt that all these rocks originally were mud 
deposits. 

L/iterary references on the subject of clay and loam 

appcjir uiiiiecessary. 



oo, CLAYSTONE and HARDENED CLAY. 

Thonstbin, Oder vbbhXsibieb Thok. (Gemu) 

A compact and tolerabh/ solid mass, chiefly consistint/ of 
clay, not slaty ; its fracture earthy ; very variously 
coloured. 

The rock designated b^ this name is not always an 
actual sediment, but sometmies a product of the disintegra- 
tion of felsitic rook. The nature of its origin is generally 
only to be determined by its geological position and sur- 
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roundings* The sedimentary claystones are always stra^ 
tified sometimes in very tmn layers, white, yellowish 
grey, red-brown, greenish, or brownish, sometimes Avith 
variegated stripes or spotted. They somctiiiies contain 
nodules of pyrites, flakes of mica, impressions of plants, or 
petrified ])arts of ]>lants. 

We have already said that the distinction between the 
sedimentary claystones and certain weathered felsitic 
rocks is sometimes difficult. In like manner it is fre- 
quently diiEcult to distinguish the former from certain 
tuff rocks, e, g. from porpliyry-tuff, which indeed is very 
often called claystone, especially in England; but the 
genuine sedimentary clay rock seems to have at least as 
good a title to the name. 

MABLS« 

These are closely allied to the clays, standing between 
them and the limestones. They are in &ct compounds of 
clay and carbonate of lime, and also sometimes contain 
carbonate of magnesia ; they likewise frequently contain 
fine particles of quartz, flakes of mica, oxide of iron, 
bitumen, or carbon. Acconlliig to their state or texture, 
they may be di\ ided into tiie slaty, the compact, and the 
eartliy varieties ; according to the predominance of one or 
other of their ingredients, they may be further divided 
into the calcareous, dolomitic, arenaceous, micaceous, fer- 
ruginous, and bituminous. Of carbon they only contain 
very subordinate quantities, serving as a dark colouring 
matter. 

The original state of these rocks, like that of the clays, 
was a muddy sediment somewhat more various in its 

character than in the case of those rocks. The same 
process of pressure has consolidated them into firm, rocky, 
slaty, or sometimes bituminous masses. 

The processes of animal and vegetable life have even 
participated in the formation of some of these rocks to the 
extent of contributing their calcareous and bituminous 
ingredients. The calcareous ingredients often show traces 
with the microscope of organic remains. Marls as well 
as clays occur in the deposits of almost every geological 
period; and as to the diScrence between those of difiercnt 
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periods, we can only in general terms say that the older 
varieties' are usually slatv or fissile, whereas in the more 

recent deposits earthy varieties more frequently occur, 
but this iis by no means a rule without exception. 



a4. MARL. 

Makne. 

A compound of clay and lime, earthy^ compact^ or JUsUe^ 
usually soft; crumbles on exposure to air, effervesces 
with acid. 

Marl is a compound of clay and lime or dolomite, but 
its infrredients arc blended together and cannot be dis- 
tinguished except by chemical agents. The pruj)ortion 
of lime or dolomite varies from 10 to about 50 per cent. 
Outside of these limits the rock ceases to be marl, and does 
not crumble on exposure to the air. It will then either 
be a clay or a limestone. 

The most frequent colour is grey, but marl is sometimes 
yellow^ brown^ red^ violet> bluish^ or greenish. 

Varieties in Texture, 

(<l) MAP.L-Sn.vLT:. ) In fresh state very similar to arnril- 

MKBGKLscHm-ER. {Ojrm.) I laceous shale, but cninihlps on ex- 

^ / J posiire to the airj ke<iuently con- 
taius much quurU, band, mica, or bitumen. 



Without distinct fissile 
slaty structure, similar to 
claystone, but faUa to 
pieces on exposure to the 



(b) Compact Marl, or Marlstokb. 

DiCHTKR MEIIQEL, VEltHARTETER MEROKL, 

8TEIXMEBaSL» Oder MSBOBLSmN. 

(Germ.) 
Mar>e compacts, (/v.) 

air. Admixtures of c^uartz and mica or bitumen oniilar to 

marl-shalp. A modihcation of compact marl, separates into 
small conical concretions (cone in cone). Germ Trdm-MevfieL 

(c) Earthy Marl. I In its dry state resembles clay, but 

Erdioer Meroel. (Germ.) ) ig not plastic when wet. Its ingre- 
dients are the same as those of the other marls. 

Varieties in Composition. 

(d) Calcaheotjs Marl. ) with much carbonate of lime in its 

^^iSiuiSr^^i composition. 

(e) DoLuMiTic Marl. 1 With dolomite, and usually also 
liouimTMxmp*. {Germ.) \ with carbon nte of lime. The dif- 
ferences between (d) and (e) can 



MARinc KAGvasnannE. (Fr.) 



only be determined by chemical analysis. 
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(/) Aboillagbovs Mabl. 

TnoKMHROTir. {Gtnn.) 

MAIIXE ARG1LEU8K. (/V.) 

(g) Atiexaceous Matit.. 



With little carbonate of lime or dolo- 
mite ; forms transitions into ckiji clay- 
stone, or azgiUaeeous shale. 



EXACEOUS MAKL. ) 

SA>DMXBOiiu {Germ.) \ With much sand. 

(h) Micaceous Marl. 1 - . . 
GuMtfBBaoniQsu {(Urm*y \ Oontauis muen mica. 

(0 BiTTMTNOua Makl. \ Usually in the form of shale, al- 

BmiM moaER Mbugbl. (Germ.) j %vays dark-cDlourod by reason 
KABNB BmrioinnTai. (Fr.) -^^^^ bitumen, sometimes even 

black. To this belong the so-called Oelschiefcr (oil-slate) and 
Ku^ferechiefer (cupiferoua slate) of the Germans j the latter is 
distinguished by the quantity of copper which it contains. 

(A*) Glattcohttb Maikl. \ With much glauccnute in its oomjoo- 

o i-K( .N iTM K lu; Kr,. ( Germ,) I sition, and by it coloured green. The 
MAUKE GLAuooNiEusB. (/T.) j ^^heu cxamlued under 

the microflcopef appear mostly to proceed from the shells of 
nu<»osoopic Fonuninifer». 

(I) GYPSEors Marl, | a marl penetrated by stringy veuM of 
&S;Si«S7i{..) I gyp8mn,orthinlaminaBofl£e8iime. 

Besides the above-mentioned Taxieties of composition, 
some marls have been named according to their geological 
position; e, g.: — 

(1) Sub-Apennine Marl. } , __ _^ . 

SOTAMHinNBii-Mtowii. {Germ.) \ Pliocene m Upper Italy, 

MAKN'E SITBAPEN-XINB. ' 

(2) Ctrenian Marl. ] with manv Curmmx Miocene, in 

^A^Sfi-SkW i theMayenieb«dn. 

C3) Chalk Mabl. ) In the Chalk formations of England 

KKKrnKMKncKL. (Germ^ | and Westphslia. 

(4) Planer Marl. I In the Quadersandstone formations of 

pLunuMBBOEL. {Otrm^y > Saxony and Bohemia. 

(5) Folkestone Mabl. I in the Gault formation of England. 

HAasB DU Gault. (Fr.) ' 

(6) Speeton MabL| belonging to the Lower Greensand formation of 

England. 

(7) Forest Marl. | Li the Lias formation of England. 

(8} Lias Slate. ) A bituminous marl-slate of the Lias 

LiAflscHiBrBR. (Germ.) formation, sometimes called Oel- 
BcBUfEi u^gva. {Fr,) j g^^i^^ 

(9) JuRENSis Marl. l With Ammmites jurensk^ in tiie 

JuBSHos-HkBaBu iOetm,) ) Lias formation of Swabia, 

(10) PoflnwiTOMTA Slate. ) A dark bituminous marl-slate 

PopiDON-oMTT-^T-PrTiirt rn. (Oerm.) [ of the Lias formation of Swsr 
ficHisxE A PosmoMii^ {Fr.) J Faaidonomyo. 

T 
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(11) Nfmhlsmalia Marl. \ With TerdraMt immmiamaSs, 

HoioosxAus-HsMBL. (Germ,) J in the Lias formation of Swabift. 

(12) Bblemkitb Masl. ) A dark bituminous marl-slate in 

BKiJSMNiTKNscHiKPRn. (a<>rm.) I the Lios formation of Swabia, 
Marne a BEi^MMTi-^i. (/>.) j ^j^jj jjj^y Belemnites. 

(13) Spotted Marl, or Algau Slate. i In the formation 

f Flkckekhergkl, Oder ALOAUsrinKKKji. (Germ.) i of til© Kortheril 

Alps answering to the uppermost Lias. 

(14) Kefper Marl. | chiefly varieffated in coluur, fre- 

KEUPEiLMEiuiKi,. (rr^rm.) mipntlv with <yvTWiim 
Maunes misEK-^. (/V .) > queniiy wiin orypsum. 

(15) Pabtnach Slate, or Bactkillian Slate, i A mail formation 

PABTKAiCHacHam Oder BAcnaunKacBiBnai. i with thick slaty 
«^^> j deavBge, which in 

the Northern Alps is found in part answering to the Keuper 

formation. 

(1^ BiTrMTNous ^Iakl-slatr. ) Of the Zeehstein forma- 

BiTLMi.NoaKu MKROELK-'iiLKiEu. ((jcrm.) i fion of Thurinsfia. 

(17) Copper Slate. > Is a bituniiuou.s marl-slate of the 

KupfSBflCHiBRB. (Otrm.) 1 Zeehstein formation of Thuringia, in 
which Tsriotts sulphmrons compounds of metals are contained. 
These sulphur compounds, besides tiieir copper, contain iron, 
silver, lead, cobalt, nickel, &c 

It will hardly be necessary to add anytliiiiii: respecting 
the occurrence of marl in nature^ nor to reler to literature 
on the subject. 

LIMESTONE OBOUF. 

(Limestone, Dolomite, Gypsum, Anhydrite.) 

Pure limestone is an aggregate of particles of culrspar : 
it therefore consists of carbonate of lime. Pure dolomite 
or magnesian limestone is an aggregate of particles of the 
mineral dolomite or bitter-spar: it is therefore a car- 
bonate of lime and of magnesia. Gypsum is a sulphate 
of lime combined with water ; anhydrite is gypsum w ith- 
out water. 

Rocks consisting of pure limoptone or dolomite rarely 
occur in nature. What we chieily iiiid are rocks of in- 
termediate character, wliich we may regard as transitions 
between the two extremes ; in other words, all limestones 
are more or less magnesian, probably consisting of an 
intimate compound of the two minerals^ calcspar and 
bitterspar. 

These rocks likewise usually contain other admixtures 

in small quantities; e.g. clay, silica, oxides of iron, or 
bitumen. The presence of such mineraLs occasions many 
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varieties in colour as well as composition ; there are also 
many modifications in texture, so that the limestones 
present us with many very dissimilar rocks. 

It is not always easy or possible without analysis to dis- 
languish limestone from dolomite^ even if pure» stiU less 
to determine the various rocks of intermediate character. 
Many rocks have been long held to be limestone which 
later chemical analysis has shown to be dolomite. iS'ever- 
theless, the distinction is important enough to be pre- 
served, although it may be difficult always to apply it.* 
We are coTnpcllod to create an arbitrary boundary by 
determining how great a percentage of magnesia should 
entitle a rock to be called a dolomite. The mineral dolo- 
mite contains about 45*7 per cent, carbonate of magnesia 
to 54*3 per cent, carbonate of lime. We may therefore 
halve the 45*7 per cent., and say that all rocks contain- 
ing more than 23 per cent, carbonate of magnesia should 
be called dolomites, and those containing less than that 
aiiiount retain the name of limestones. Some such divi- 
sion must be agreed on for purposes of classification, 
althousfh otherwise of little scientific value. 

The general difference between characteristic forms of 
the two rocks may be briefly stated as follows :— 

LIMESTONE. DOLOMITE. 

lltiiduosd . . 3* Hardness .... 3*5 

Spec. grav. . 2'6— 2*8 Spec, grav 2-8— 2*9 

Ciystalline-granular lime- Toe crystaUine-graiLular and sao- 

stone seldom occurs except chardd Taiieties of dolomite occur in 

between strata of djatalline sedimentary formations, as well as 

schists. between strata of crystalline schists. 

Many beds of linu'sfono of Sometimes these varieties pulverise 

Silurian and carbonilt ruus age to a crystalline sand, 
are coarsely cryatalhue j as are, 
also, the luuestone of some coral 
reefis and some stalagmites. 

Very often compact Seldom quite compact. 

Frequently oolitic Probably never oolitic. 

Lustre, when crystaUine, Lustre, when ciystalliney vitreous 

vitreous. to pearly. 



• The quicksilver mines of Idria are in dolomite rock, which 
adjoins and is intersected by limestone in many places ; and the 
difference between the two rocks is tliere very important, as the ore 
is confined to the dolomite, none being ever found in the limestone. — 

TKANSLAiOii. 

T 2 
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LIMESTONE. OOLOHTTE. 

EfienresCQS strongly with Solid portions of the rock do not 

acid. pfll' nosco witli acid. The powrder 

ell'ervesces, especially if heated. 

Its powder, when heated When its powder is heated on 

before the blowpipe on pla- platinum foil, before the blowpipe, it 

tinnm foil, adheres together. tumefies and does not gelalamse. 

The circumstances under which these two rocks occur 
in nature are very similar. They both occur in a crys- 
talline-granular state, imbedded between strata of metar- 

morphic schists ; they both form strata in formations of 
various geological periods ; but in the sedimentary forma- 
tions the dolomites are frequently also iound in a crys- 
talliiu -ji^ranular state, Avhercas the limestones, tlinuLrh 
often crystalline, are almost always compact, earthy, or 
oolitic Deposits of genuine dolomites are never formed 
by springs, but limestones frequently. Limestones, agoinf 
are more frequently fossiliferous, and they are also more 
usually distinctly stratified than dolomites. 

Gypsum and anhydrite are not so extensively developed 
as limestone and dolomite; they are prevalent only in 
distinctly sedimentary formations, and are usually crystal- 
line, seldom distinctly stratified, seldom fossiliferous. They 
are often aocomjianied by rock-salt. In general they are 
much more free iVom foreign ingredients than either lime- 
stone or dolomite. 

35. LIMESTONE. 

Kalxstein. ( Oerm,) 
Calcaiiie. (IV,) 

A crystalline^ranular, compact, earthy, or oolitic ag^ 
gregate oj cajcspar ; effervaces strongly with acid ; 
eaailg scratched with the knife. 

Spec. grav. S-B— S'S. 

Pure limestone consists of 56 per cent, lime and 44 
per cent, carbonic acid. It seldom occurs so pure in 
nature, but is usually more or less intimately combined 
with dolomite> alumina, silica, peroxide and protoxide of 
iron, bitumen, or carbon. By these ingredients its pro- 
perties undergo alteration, and there arise distinct varie- 
ties in composition when their quantity is considerable. 
The texture of the limestone rocks is likewise various^ 
and gives rise to other varieties, to many of which sepa^ 
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rate names attach. ]\Iany limestones consist entirely, and 
others partially, of the calcareous Bhells of auimals ; and 
it is very possible that this is the case %vlth several whose 
original structure is no longer apparent* There are other 
limestones which are undoubtedly the product of chemical 
precipitate of carbonate of lime from aqueous solutions ; 
and some ihat are the result of consolidation of calcareous 
mud proceeding from the mechanical disintegration of 
older limestones. 

In appearance, many limestones and dolomites much 
resemble some siliceous rocks, or conijiact it lsitic rocks, 
or gypsum. But from these they may easily be distin- 
guished by the difference of their hardness^ and by their 
efferyescence with acids. 



Varieties in Texture* 



(a) Gbakxtlab Limestons. 

KdBKIOSR K4unrBiK. iOerm.) 



Incliiiliiii; marLle. A granular 
uj^y rebate of distinct ijidi\ id uul 

ciystaUine pairtides of ealcapar. 
The grains vary in aze from the almost mvidbly amall (fine- 
grained compact varieties) to the aixe of a nut (coane- 
grained), most usually the colour is white, hut sometimes 
yellowipli-prev, reddish, greenish, bluish, and even black. By 
admixture of dolomite it passes into iii;i(:nesiau limestone 
and dolomite. Granular limestone also cDutains other ad- 
liiixtui-es, especiallv in ite cryataliine state, and these are then 
porpliyritiesjly disposed, as, for instance^ mica, chlorite, talc, 
nomblende, pyroxene, garnet^ TesuTian, felspar, chondiodite, 
conaeranite, chiastolite, epidote, ziroon, titanite, spinel^ corun- 
duniy quartz, fluor-spar, apatite, magnetic iron-ore, iron pyrites, 
zinc-blende, galena, copper pyrites, anthracite, and pjaphite. 
The rock aL^o c<^ntains geodes, nests, or veins, ^vith fully 
developed crystals of ealcapar, aragonite, bitter-spar (dolomite), 
asbestus. serpentine, Sec. 

The rollowing special yarieliea of gramilar limest<me are 
occaaoned ij} the occurrence of some of the above minerals in 
considerable quantity and cliaracteiistic form. 

(«) OlPOLLTNO. "j A granular limestone rich in 

CiPOLLiN. (Oerm.) I miea, bv wliich a slaty texture is 
' ) sometuues occasioned; goes over 
into calcareous mica-schist. Zaunhaus, near iUten- 
berg in Saxony. 
(/3) AsiHBACONim \ The name given by t. MoU to 
A^^^IIlAJcoxTT. Ton I certain carbonaceous black granu- 
Moii. iGerm,) J Uniefitones, which are usuallj 
only found in the form of nests, lentils, or veins in 
othf^r rocks* To thji^ ^\ w9 belougs the liucallite of the 
ancients. 



Digitized by Google 



278 



SEDDIVNTABY BOCKS. 



(y) OFHiCALCim ) The name giyen by Brong- 

onncALciT. (arrm.) I niart to A ocnupoima of lime- 

oi.mcAu;K, Brongniart. j ^^^^^ serpentine ; its trx- 

tiiro pranular to compact. 
This is the Verde Antique of arthaiologists. 
(c) Calciphybb. j The name given by Brong- 

CA MapHYR . {Germ.) I niart to a compound of gia- 
Oai^bb, SnmgniarLj ^^^^ Kmeatone with garnet, 

pyroxene, or felspar, naually 

porphyritic. 

(*) Hbhitrene. ] A jrraniilar compmmd of 

HBMiTRffiT. (fferm.) L limr^tone, hornblende, and 
^^.f^^*^"***^/ grainmatite. The vaneties 

. Irh 0) are probably 

always contact formatioDa. 
RSBLOPITB. 1 The name given by Samuel Haugh- 

HiBUNPiT. (Gfrm.) i ton to a cranular limestone occur- 
ring- at Takli in the £ast IncUes. 
Granular limestone is of irregular massive structure ; it like- 
wine usually shows distinct traces of strati firatinn, sometimes 
also a tissile texture ; it most usually occurs in suboitiinate beds 
between strata of crystalline schists, and is freq^uentiy itself the 
product of metamorphosis from compact aedimentaiy deposits 
of limeBtonet The form of its beds is sometimes Tery irre^ar^ 
they assume a swollen shape, or resemble the dykes or vems of 
igneous rocka It would seem as if the limestone, in the mro- 
cp9^ of tmnsmutntion, had ])epome softf^r than the surrounaing 
schist, and that its mass had consequently been squeezed into 
the breaches and clefts of the latter. This nppeprance may 
be observed at Miltitz near Meissen, and at Auerbach near 
Heidelberg. 

In England and Ireland beds of crystalline limestone occur 

Tariously interstratified with the compact limestonee of the 
carboniferous limestone series through a thickness of ficom 2,000 

to 3,000 feet. 

Granulftr limestone is also found at the marpn of those 
iiineous rocks which have broken through the compact or eaithy 
limestones. Such may be observed at the Kaisersiuhl in 
Breisgau, in County Antrim and Island of Rathlin, Ireland. 
(b) CouPACT LnrESTONE. I The particles of calcspar are in- 
Dif itTEu K I K rr x. (Genu.) ^ vidbly Small, and the mass there- 
CATXAuay uMPACTK. (/v.) i Jppeais to be compact. Ita 
fracture is conchoidal, or splintery, or dull. Tt^^ prevailing 
colour is grey or yellowish ; it varies, howevf i, to white, 
blue, green, red, brown, and even black. Some vaneties are 
variegated, spotted, or veined, like marble. The following ac- 
cessory ingredients are usually intimately blended with the 
general mass, yiz., dolomite, <^ay, silica, oxide criPlkN»n, bitu- 
men, or carbon. If these only occur in small quantily, they 
can hardly be recognised, but if their quantity be consider* 
able, then distinct varieties of the rock are occasioned such aa 
the following: — 
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(a) DOLOMITIC. 

I>0L01fITI8CU£R DICUTK& KAUCSTRIX. (fl^<rm.) 

Mjussltaait. {Fr.) 

(fS) Bituminous. ] Fetid limestone, swine- 

snxKflTEix, stixkkat,k. {Germ.) stoneB. alwETs dark" 
CAi^AiRE «r™»tx. (/v., J ^^j^^ Md emitting 

a bituminoTu smell when rubbed* 

(y) ABftiixACBOim or BLlslt LniBaiONB. ) With conflidei^ 

iteBGFT.KALKjrrKtN. Werm.) \ a^jie admixtme 

^ ' ) of clay ^ vaoaUj 
grey, and in firacture doll, almoBt earthy. 

(i) FERRrGixors Limestonb. ] Very rich in hydiated 
BisKiKALKOTKUi. {Qertiu) I oxide of iron, which im- 

'J parta a brown colour to 

the rock. 

(«) CHEBXr LlMESTOlTE, or SlLICJSOUS 

Limestone. 

Cill4T*IBB aaicRDZ. (/vl) 



lica, and therefore 
harder than ordi- 
nary limestone. 
Veiy frequently traresBed by veiiia of chert or horaatoae. 

In aU the yariettea of these compact limestonea there occur, 
occadonally, vein^ seama, nodulea, or nesta of calcBpar^ bom- 
stone (chert), or mnt. 

Jukes remarks, * Almost all large maisse? of limestone have 
their tiint^ or siliceous enncretions. These are troquently called 
chert, as in tlie carboniiVrous limestone (see post, p. J^ol ), where 
the nuduiea and layers of chert exactly resenibie the flints in 
chalk. Eyen the tertiary limestones lound Paris haye their 
flints, the menilite of that locality being nothing but a silioeoua 
cone r» i i on (see post, p. 349), found in the calcaixe St Ouen, and 
possibly other places. Pure siliceous concretions occur even in 
the freshwater limestones and gi'psum beds of Montmartre. 
This invariable, or nearly invariable, accom]inniincnt of lime- 
stone and siliceous deposits, those siliceous pans iiaviug a 
chemical and not a mechanical formation, strengthens the hypo- 
thesis of the organic origin of both, as previously descnbed. 
The silica diffused throu^^ tiie calcareous mud, of which the 
limestone was composed, has sometimes remained so diffused 
instead of separating aa nodules or layers, producing a cherty or 
siliceous limestone.' 

Page says, * To the percolation of wafpr rliniijred with car- 
bonic acid, we owe the production of rottenstoae from bedR 
of siliceous limestone, the carbonated waters dissolving the 
limy portion, and leaving the light porous siliceous} residuum 
which forma the rottensfeone of commerce.*^ 

The compact limestonea are usualljr distinctly stratified, and 
are found associated with other sedimentaiy rocka of almost 
every age. 



Chalk fin part). Roufrh to the 
feel; frial>h'; the white chalk 
readily imparting its colour to any 
body against which it is rubbed. In chalk the particles consist 



(c) Earthy Limestont's. 

Erdiger Kalkstein. iGerm.) 
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of very minute shells of Foraminifera, PolythalamiflB| &c.; which 
niay be recogniseil under the niicroiicope. 

Thebo minute shells constitute a line earthy mass, in which 
larger fossils are likewise found, as weU as nodules and layers 
of flint or chert, grains of glaucomte, or of sand snd other mine- 
ral sobstflBkces. The following subrarielies may he named: — 
(a) "Whtte CnALTT. 

WusBE Xusms. {Oerm,} 
Obamx blanchb. (/v.) 

03) GLAUoovmo Ghauc 

(7) Abbitacbottb Sandstone. ] Consisting of remains of 

SANDicF.n TvAT.KfmiTv. (Oerm.) \ shells. These earthy and 

CAixAiitE ai;>:nack. (/V.) j (ji^tinctly zoogeuic rocks 

are more frequent in recent than in old formations. 
'SN'o may presume that in the older formations they 
hav e been metamorphosed into compact limestone 



Ihis variety is en- 
tirely composed of 
small and almost 
spherical grains, from 



(d) Oolitic Limestone, Oolite, Roestone, 

Pbastoivs, or Pisolitb. 

00UT1IIS( IIKK KAI.KS-rm', OOLITH, "ROOKXSTfilN, 

Krbsrxstein, Oder Puoum. (Germ.) 

(/v.) the size of a millet- 

seed to that of a pea or larirer. This granular texture is very 
different from the crystalline irranular. Tlie sinj^le round 
grains usually lie close to<i^ether, Lui this is not always the 
case J they are sometimes wide apart, connected by a com- 
pact xtfatnz — indeed they are always held together by a matrix. 
The individual grains are often of compact structure, more 
usually, however, of radial texture; sometimes both radial 
and concentric in alternate coats, with a nucleus of foreign 
substance, such as a grain of sand; sometimes they are 
nothing but fossils. The geoloj^acal position of iliese o*.»lite8 
is identical with that of the coiupiict limestones. The penuine 
peastone is, however, an exception. It is (e. Lailsbadj 
eridently a formation ftom a spnng of water holding in solutbn 
carbonate of lime (see p. 94), and it moreover consists of 
aragonite and not calcspar. Jukes remarks, <Its pecidiar struc- 
ture gives to oolite the character of a freestone, working easily 
in any direction, whence its vnlue ai^ a building stone. Bath 
stone, Portland stone, Uaen stone are well-known examples of 
oolitic limestone.' 

The pea-grit of Cheltenham is a marine formation, one of 
the oolites, only the spherical nodules are somewhat irregular 
and elliptical in shape. 

(e) NoDrLAK Limestone. ] This variety consists entirely of 

Knotenkalk&tein. iOerm,) I gmall compact nodules or irre<?ular 

gether by a compact limestone mass, or by a matrix of marl or 
clay-slate. Its composition, as well as its texture, there- 
fore, presents varieties : — 

(c) NOBUIiBS OV LOCBBTOVB UT LDCE- 



STOiTB or Mabl Matrix. 

JCalkkkotex is Kak Oder 
{Germ.) 



At Partenkirchen 
in Bavaria, 
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(/3) Kbamenzblbtbot. I Noduloe of lime in a matrix 
KRAMEangujernaH. {Germ.) ' clay«<fllatey benoe the rock 

itself is somewhat slaty. These nodules sometimes 
are nothing dse than indistinct fossils* Polwand, near 

Saalfeld. 

(J) bLATY LiMESXONB. ) This is, however, usually not 

ScmnrBioKB Kumm. (Omn.) I of trenuine slaty texture or 
CAifiAnui Bcamrsux. (m j ^^^^ge, but only a tiiin strati- 
fication (lamination) presenting a slaty appeamice; thus, e. g., 
at Solennofen in Bavaria, where a finely laminated limestane 
13 even used for roof-siating. 

(a) PoRoi s Limestone. ] ^ • i x_ 

poRoriEii Kalkstelv. {Germ,) Vv e here oistinguisn between— 

CAJLCAIIU2 CAVKRKEUX, ' 

(a) Spoxgy Limestone, Apheite.) Very extensively de- 
ScuAUMKALK Oder Mbhi^xzsn. j- veloped in the Mu- 

^^'^ } flchelkalk formation of 

Thuriugia, and 

(j3) Limestone Tufe, Calca-] A deposit from springs, 
BB0178 TiTFF. . usually porous by reason of 

KALKTin F. c(7«m.) its orisin as an inCTustation 

With numerotis sparrj' ca- 
vities of crystallised calcspar, 
hrownspar, and the like. 

With numerous angular 
cells or holes. These latter 
are sometimes occasioned 
by the decay or weakening 
of fragments enclosed in the roeka, in wbich case the poiosily 
of the rock is only at the surface. 
(k) Breccia-Lxmestoste, or Lij£BSTON£\ Fragments of limestone 
Breccia. ' eeiueiited together hy 

Breccheiocauc Oder Kj^lkbrkcceb ; TRt)M- ; luutritoue. The partial 

BKfecafi cALCAiBH. (/V.) J Weakening or decay ot 

these irwAents some* 
times causes a cellular tissue on the aurfoce of the rock. 
(I) SxxLOLiTE Ltmbstone. ] Nsmes given hy Ger- 

Stylolithekkalk und nagelkauc (Otrm.) \ man ere olo ovists to cer- 
Calcaiue X STYixjuTEs. (fr.) ^ ^ j omnpact limestones 

which show peculiar striped jointings, so-called stylolites, or 
are made up of small corneal or wedj^e-shaped pieces. 



(A) GeODIC LnrT^-^ToyE. 

DBUSiO£a KAUisriJox. iOerm.) 
GALCAIBB OtoDIQUS. (A*.) 

(i) Cellular Limestone, or Rough 

Limestone. 

Zeli^kkalk Oder Rauukalk. (0«rm») 
Calcaiob gslluleux. (/v.) 



hn) i ililiOUS LiMEiiXONE 

Fj^BBBIOBB KALKSTEUr, FaSBR- 

KAT.K, {Germ.) 
CALiCAliUi FIUltEUX. (/V.) 



To this variety we may reckon 
the caloHBonter and aragonite- 
sinter, formed by the dripping of 
water containing lime in solutioni 

e. g. at Carlsbad in Bohemia. There also occur seams or layers 
of fibrous llniestone between beds of marl, which have clearly 
some other oriL'^in. Stalactitic calc-sinter is frequf^ntly i^pinry 
and not fibrous, but aa it is a subordinate formation we include 
it here because of its origin. 

Over and above the varieties in texture and composi^ 
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tion which we have enumerated, limestone is very yarioxis 
in its geological character^ and especially in the nature of 
the fossils which it contains. The geological varieties are 

not of clistinct litholof^ical character, but they never- 
theless deserve a brief enumeration, as they sometimes 
acquire local importance. They are only to be distin- 
guished with certainty by means of their fossils ; we 
arrange them as nearly as possible according to their 
respectiye ages. 

Geohpieal Varieties, 



(1) Limestone Tuff, Cal- ' 

CAREOUS TlTFF. 
Kaijktxjff. ( Oerm. ) 
TrF cALCAiuy.. (/V.) 

(2) TRAVERTINE. 

Travkehn. (Germ.) 



(3) Coral Reefs. 

KoRALLENRiPFE. (Oerm.) 
CALCAIRE COIIALUKN. (Fr.) 

(4) Fkeshwaier Limestone. 

StfflBWAflgBBKALK. (GntH,} 

Calcaire d'eau DOUCB (LA- 
CUSTBB). (Fr.) 



VetuSHj a porous fimble depodt from 
springs, and contaming many remains 

of plants and animals. 

AfoniKition in Italy similar to calotuff, 
^but usualiy more compact, hard, and 
semi-crystaUine.' See Bristow s Giossary, 

In txoincal seas. 



Containing freshwater shells. 
' Freshwater limestones have cora- 



^, ^_ . monly a peculiarity of aspect from 

which thcor origin may sometimes oe suspected, even before 
examining their palseontological contents or petrolo^cal rela- 
tions. They are generally of a very smooth texture, and either 
dull white or pale grey ; their frarture only slightly COnchoidal| 
rarely splinter}', but often soft and earthy.' — Jukes. 

(6) Steppe Limestone. ) A very recent semi-marine brackisli 
Btrppenkalk. (Germ.) J limestone deposit. In Southern Russia, 

(Q) Leitha Limestone. ) A tertiary limestone in the Leitha Moun- 
lbrhakau. {Oerm,) f tains^ with corals and marine shells. 

(7) LiiOBiKBiXA LnmvoNB. ) In the Mayence basin, con- 
LnromxET.T.KNKAT.K. (Oerm.) I taining numerous PiaMmce, 

) LttonneU<e. 

In the Mayenoe baelni with many 

Ceritkia, 

(9) Calcaire (trossier (Grobkalk), sandy, and full of fosdl shells. 

Eocene in the Paiis basin. 
(10) . NuMMULiTic Limestone. ] Consi-tinL' almost exclusively 
NOTfMULrrpKUJC. (Germ.) \ of Nunmiulites. Eocene; very 
GAuulu 1 Mumciimm {Fr,) j extensively developed in the 

South of Europe. 
' The nummulitie formation, with its characterisfdc fo8si]% 
plays a far more conspicuous part than any other tertiary group 
m the solid framework of the earOiy crust, whether in Europe, 
Asia, or Africa. It often nttrnns a tlnckness of nianv thrHiMjind 
feet, and extends from the Alps to the Cai'pathiana, and is in 
full force in the North of Africa, as, for example^ in Algeria 



CALcAiRKA LTrr<).aNRLLi.:8. (Fr.) J Xt^anne//^^. 

(8) Cerithium Limestone. 
CBarrmEXKALK. (Germ.) 
Calqaikb a Qturam* (Fr.) 
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and Morocco. It has also "been traced from Egypt, wbeie it was 
lai^ly quanied of old for the building of the Pyramids, into 
Asia Minor, and across Persia, by Bagdad, to the montli*: of the 
Indus. It occurs not only in Cutch, but in the mountain ran^^es 
which separate Scinde from Persia, and which form tlie principal 
passes to Cabul j and it has been followed still farther east- 
ward into India, as fiur bb Eafitem Bengal and the frontiers of 
China.'— 

(11) Obbitoidal LiiCBSTOiffE. > 'As the nnmmulitic limestone 

Calcaibx k OaBrroLTTEs. (Fr.) i geems characteristic of the old 
world, 80 the orbitoidal limestone seems characteristic of the 
new, moimtain masses full 300 feet in thickneas, and almost 
wholly made up of Orhitoides, occurring near Suggs\^lle, in 
North America, and apparently in the same, or nearly the same^ 
geological horizon.* — Jnige, 

(12) li£uroucA, a white compact limestone* 
13) ScAOUA, a red limestone, in the Alps. 



1. 



14) OsTRJEA Limestone. 

OSTBEEXKAUK. {Germ,) 

Calcaibs X OsnucfeBB. (iV.) 



Full of OstratB, Eocene ; occurs 
to the north of Kuroteiny in Tyrol. 



(15) Uppbe and Lower Ghalx. \ Nearly white. Tlie upper and 
KBxmsKALR, kretoe. (OemL) I principal branch of the Chalk 
formation in England , mntaining" many flints. 

' Clialk flints occur as rounded noanlar masses of very irre- 
gular and sometimes fantastic shape, and of all sizes, up to a foot 
in diameter. They are commonly white outside, but internally 
are of various shades of black ororown^ sometimes nassm^ into 
white. They have sometimes concentric hands of black and 
white colours internally, and exhibit nuurkings derived from 
organic bodies, round which they have often been formed. 
Fhnt occurs in chalk, not otiIv in Tiodules, but rIf^o in seams or 
layers, sometimes short and in>^|^ular, sometimes rej^ular over a 
distance of several yards. These seams var\' from half an inch 
to two inches in thickness, and are commonly black in colour.' 
Jukw. 

Full of Hippuritidea ; equiva- 
• lent to the Lower Chalk for^ 
mation in Europe, Northern 
Atrica, and Amenca. 

(17) RiTDiBimncALr, oder HiBBaoLTraBH.| Equivalent to the Lower 
KALK. (Oerm.) [ formations. 

Containing many Spatanffida ; 

belonffing to the Chalk group in 

the Alps. 

1 Contaimng many Aptychi] there 

Aptychekkat.k. (Germ.) [ axe two species of this fos'^il, one 
Calcaire a aptychus. (Fr.) J ^i^^^^ ^ Chalk, and the 

other to the Jura formation. 
(20) Planer Luiestone. i Thinly stratified, usually somewhat 
Pl&ksiucauc. {Oerm.) i marly, occurs with the Quadersandstein 
in Saxonj. 



(16) HXPFUBITIDE^, or HiPPUBIXE 

LlMESIONX. 

HiPprRiTBVKALK. (Germ.) 

CAlXAiHB A HiPPURlTES. (/V.) 



Craie a Rt in>Tt>!. (Fr.) 

(18) Spaiangus LiME5>ro>E. 

fi^ATAHOENKALK. (Osrm.) 

Caloubm 1 Spataxootb. (Fr,) 

(19) Aptychus Lzkestone. 



Digitized by Google 



m SEDIMENTABT BOCKS, 

(21) Serptjlite Limestonk. ] Full offo«atopuli9 oftheBebter 

serpultt. {Germ.) ( Or Wealdeii fomiAtioa of Weat- 

Calqaiiue 1 SBSPiTLiB. (/V.) j phalia. 

(22) PoBTLAifD Stone and Oolite.) A limestone Won .ring to the 

PoiiTLAXD-oouTH. {Germ.) ' upper J lira ot England, fire- 

Calcaihe PoRTLAKDiKx. (Fr.) } quentlv ( )olitic. 

' A well-known group of the upper Oolite as developed in 
the South of Engmnd. It consists of shellj fipeestones of 
▼ariable texture underlaid hj thick beds of sand, «nd derives its 
name from the Isle of Pamand in Dorsetshire, where certain 
of the freestones htfve for centuries been largely quarried for 
architectural purposon. Tlif^ VorthuKl beds abound in foesil 
sliells, bones of sauriana, and drift cnnif*»roiis wood.* 



(23) Abiabte Limestone. 

ASEAIKKBRXAUC (Otrm,) 



(.Containing- many Astarfidce be- 
longing to the upper Jura t'ornxa- 
tion. 



1 Containing J}ic€ra,Biid belonging 
(iV.) ) ^ upper JxxoL formation. 



(24) DiCERAB LmiSTOino. 

DlCEBASKALK. (Gcnn.) 
CALCAIltK A DlCfiUATKS. 

(25) CoBAL Rag. \ Freq^uent in the Jura forma- 

KoiiALLEXKALK, PoLYPBMULK, odtf L tion, tho uppor member of 

cS^^oSS^-. ) theMMdle (KUte in England. 

(28) NBBiii»i Lmestokk. ) FoU rf J»in»i*» of the Jura for- 

Neuixkkxkat.k. (Germ.) I 
Calcaire a NKKiNKm {Fr,) ' 

(27) Akmonttb LncESTOKS. \ YuU of AmmomLwi of the Jura or 

AmmovitexKAI.K. (Germ.) f t ; frtwna+irtti 

Cauiaiiie AMMONiTiFfiuB. (/V.) ' ^^^^ lormauon. 

(28) JrRA Limestone. 

JURAKALX. {Germ.) 
Calcaii£f: JUR.\ssiqux» {Fr.) 



Usuallj whitei yellowishi or grey. 



(29) Oxi'ORD Oolite. \ Belon^ng to the Jura or OoUt© for- 

OoLTTHE D'oxpoiD. (JV.) i maUou ot iinglaud. 

(80) CORNB&ASH. ) i. X. 

PukflsismcAfjc. {Germ.) [ The same lonnation. 

CiiUXUUASli. (A*.) ' 

(31) Bath Oolite. ) 

Grand Oouthb, Ooliths [ The like, 
m Bath, (/y.) ' 

(32) Infbbiob Oolite. \ 

Yn^BB Kalk. {Qerm.) f Ihe like, 
Oouthb vxwksaxow, (JV*.) ' 

(33) Lias Limestone, ) ^_ „ , , 

leias-kalk. {Germ.) [ Usuallj daik-colouTed and bituminous. 

Caloairb uasique. {Fr.) ' 

(34) Gbtphiib LiMESlONB. ] Containing numerous G^rj/oA*©, the 
Gryfhitkxkatk. (Gprrn.) I former desiffnation for uie Lias 

CaI.CAIIIK a GUYf'HlTEi^. {Fr.) 1 ^ 



limestone. 



(36) Belemntte Limestone. '\ Containing numeronsBelemnites, 
BELEMNrrENKALK. {Germ.) \ and belomrinflr to the Liaa for- 

CAUJAIBB 1 BtaMHirW. ^^tioU. 

(oG) Dachsteinkalk {Germ.)f a limestone of the Northern Alps, 
corresponding with the Lias formation in otherparts of Europe. 

(87) Ejjpfxnkalk ^(?mn.), a limestone odcurring in the Carpathians, 
its age not to oe determined with certainty. 

(38) Hallstatter LrsiEsioxE. \ A limestone of th6 Alps correspond* 
HiUCTATiEBKALK. (&«m.) ) ing with tho Keuper of Germany. 
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(42j JiNCRiNAL or Enckinital Limesioxe. 

£>'CRiNiTS2r- Oder Trochitkn-Kalk. (Germ,) 



(39) MrsCKELKALK (SiLELL \ The middle member of tlie Trifts 

Lihsstone). L In Germany, usually grev, and very 

Germany. 

(40) Wellenkaix (<T«rm.), stratified in tHii wavy layers, or witH 

nodular concretions^ the lower member of the lifuschelkalk in 
Germany. 

(41) Gfttensteinieti Kalk (Germ. ), a limestone of the Alps answer- 
ing to the Muschelkalk of Gerniariy. 

~ Full of remains of 

Eneriuites, an upper 
member of the Mu- 
flchelkalk formation of Oermany. 

*The internal calcareous skeletons of the encnnites (in 
scattered joints and fragments) are so abundant in some Car- 
boniferous limestones as to compose tlie greater part of the 
mass, hcnee the term encrinal or encrinital limestone. The 
minuter joints of the fingers and rays are i5«imlly termed en- 
trochi or wheelstone.s, and these when alxHinding in certain 
limestones confer on tliem the title eiUroeJml limestones. The 
stalk having been perforated \ff a canal which kept the whole 
in yital oniony the separated joints present a oeadlike ap- 
pearance : lience such familiar terms as St. Cuthbert^ beads 
and ** wheektones " for the solid pieces, and pulley stones "and 
"screw stones" for their hollow casts in limestones.' — Poge. 

(43) TET^EBRATriA T.TMESTONE. 

TKKKBllATL'LAKALiC. {Oerm.) 
CALCAIRS 1 TaBfeBRATDUbB. 



Almost entirely consisting of Tere- 
hratulu mlf/ari^. Frequent in the 
Muschelkalk of Xorthem CJennany. 

(44) RoESTONE. } A rock occurring in the sandstone of 

"BxxrVR&eaas, (Omn.) I Northern Germany. 

(45) Magnesias Limestone (Dolomiiic).) The term Zechstein 

ssmmiacALK. (9erm.) [ hterally translated sig^ 

OAT rMUB Du aJECHfrrsaN. {Fr.) ) nifies mine-stone, so 

called because it lni.s to be mined or cut through to reach 
the copper^slate which lies immediately beneath it ; usually 
dark-coloured and bituminous. The chief member of the 

Zechstein formation of Germany. 

(46) CAKBONiiEiious LiMEsxouE, or S^^f^ member of the 

TADf LiMBSToifE. I Carboniferous bme- 

KoHUNKALX, Oder Bbb&kalk. (Oerm,) \ stone formation in 
Camaire cARBONiitaut. (Fr.) ) Englsud ; when it con- 

tains metal, it is called metalliferous limestone ; when it con- 
tains much homstone or cliert. it is called chert-limestone. 

(47) Scar Limestone, a lower member of the Carboniferous lime- 

stone in Westmoreland and Cumberland. 

A limestone of 



the transition pe- 
riodyusually com* 



(48) Tbansition or GKEYWACKi: Lolesione. 

ORAtnrAOKBNKAiJc, Oder UxuBOAMOflKAiK. (Omn,) 
Qaauwaosb oALCAiBa. iFr.) 

panty aoUdy and grey. 

(49) STRrN'GocEPnALrs Limestone, i Containing many Sfn'nqocqihahs 

stuin«:(k T F HMj-xKALK, (Gtrm,) i Jimimi In the l)evoQiau forma- 
tion of Germany, 
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(51) Obthocbras Limestove. 

OrtikmKRATITKNKAI.K. (Germ.) 
QjLLCSUiR X ORTHOCfillES. (Fr.) 



(60) EiPEL Limestone. » Ly'uv^ iinmediateljr under the pre- 
BmaBKAUC (Oenn,) j ceding. 

Full of Femains of Orthocera- 
tites belonging to the Silurian 
formation,e.g.mScandmavia. 
(52) Ubxaix (aboriginal or primitive limestone) is a general name^ 
formerly very frequently applied in Germany to denote all 
granular limestones^ especially tkose associated with the crys- 
talline schists. 

Limestones^ as we have already remarked, are of various 
origin* A few only are direct chemical precipitates from 
aqueous solutions; the greater part are probably the 

product of certain animals. Some have been occasioned by 
the washing together of lime mud. The crystalline lime- 
stones owe their state chiefly to a plutonic process of 
transmutation. 

As to their bedding in relation to that of other rocks, we 
have nothing to add to what has previously been stated. 

We only adduce a few leading references on the sub- 
ject of limestones. It would serve no useful purposes 
to cite all treatises respecting their local occurrence* 

JEhrenberffy on the Animal Origin of many Limestones, Die 
fossilen Infusorien, 1837, Muorogeologie, and T. L. u, Bt. 
Jahrb. 1801, p. 785. 
■Dane in, on the JB'ormation of Coral Limestones in his 'Coral 

Islands.' 

G. RosBy on the heteromorphic State of Cai'bonate of Lime in tlie 

Abhandl. d. k. Akad. d. Wissenschai't zu Berlin, 1856-1858. 
Hmghton^ on Hisloidte in the Philos. Mag. 1859, [17] p. 66. 
Delme, on Hislopite in the Ann. des Mines, 1861 , vol. xx. p. 435. 

L, Cordier gives bis views on the formation of limestones in an 
article published in the Compt. rend. 1862, vol. Ixiv. p. 293, 

lie take^ th»Mn to be principally chemical precipitates from 
the sea, which formerly held much greater quantities of salts 
of lime and magnesia in solution than at present. 
Leymeric expounded similar views in liis Elements de Miu^ 
ralogie et de QMogie, 1861, p. 358. 

Chemical analyses of limestone exist in great va- 
riety; but they are only of local importance^ serving 
to decide the character oS any given rock: for instance, 

whether it be a limestone or a dolomite, or whether it be 
fitted for building or other practical use. 

As to the formation of oolite, see pp. 94-5, ante. 
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36, DOLOMITE, MAGNESIAN LIMESTONE. 

DoLomr. (Get-m.) 

DOLOMZB. (jFV.) 

A granular, compact, or earthy aggregate of Mtter^ar 

{dolomite^, usually combined with some calcspar ; does 
not effervesce, or only slightly effervesces with acid ; is 
easily scratched with the knife. 

Spec, gray, 2*8—2*9. 

Pure dolomite, or bitter-spar, is a nuneralj which we 
have already described as such in the earlier part of this 
work; chemically it consists of 54 carbonate of lime to 
46 carbonate of magnesia* It is veiy seldom that the 

rock occurs in this pure state ; it usually contains a much 
larger proportion of carbonate of lime, and most probably 
in such case consists of an intimate compound of bitter- 
spar and calcspar. It usually also contains small quan- 
tities of several other substances, such as clay, silica, 
oxides of iron, bitumen, and the like. The chief differ- 
ences between limestone and dolomite, and the mode of 
distinguishing the two rocks, have been explained (p. 275^ 
ante). In general terms^ we may say that the dolomites 
closely resemble the limestones as regards their bedding 
and Lar other attributes, except ^atdiey are ma^ 
frequently crystalline than the limestones, and sometimes 
even are entirely made up of small rhombohedrons. 

It was long supposed that all dolomites had been 
forined by process of transmutation from llniestone. It 
is, however, much more probable that dolomites and 
magnesian limestones were for the most part formed by 
sedimentary deposit, in the same manner as the limestones 
proper. Many coralline structures, and probably many 
marine shells, contain some magnesia, and therefore may 
likewise yield magnesian. limestones ; some dolomites 
apun have yery probably resulted from chemical pre- 
cipitate from aqueous solutions. Nevertheless the origin 
of many dolomites still remains very problematical, and 
it is by no means impossible that transmutations of lime- 
stone into dolomite may have taken j)lace and may still 
take place in the interior of the earth. know that 

magnesia plays an important part in the transmutation of 
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several rocks, in proof of which we need only inBtance 

chloritc-j^chlst, talc-schist, serpentine, steatite, Sec. The 
magnesia woulil appear in such cases to have penetrated 
in a state of solution into the pores of the rocks, wliose 
charn^ncr it has chanji^ed. displacing other substances. 
Haiduiger has suggested that sulphate of magnesia might 
in very high temperature^ and under great pressure, de» 
compose carbonate of lime, converting it into dolomite 
and gypsum ; and Yon Morlot has in some measure 
confirmed this suggestion hy experiment. 

Dolomite^ like limestone^ has many varieties, moat of 
which are analogous to those of limestone, and resemble 
them also in their geological relations ; we may therefore 
treat them brietiy. (See Sterry Hunt^in lieport of Brit 
Association for IbiiO.) 

Varieties in Texture. 

(a) Gbaihjlab DoLonTB. ) Closely resembles granular lime- 

KortxiGKu Dc.T.nMiT. (Cerm.) r stones, sometlnies however sac- 
Dou.MiK KvrnAH(.ij)K. (Fr.) J charoid, con ^istinrr of small rhom- 

bohedrons, sometimes crumbling into dolomite sand ; usually 
more porous than limestone. Frequently penetrated by geodes 
and cavities. Its accessory ingredients are similar to those 
of limestone, nerbape more abundant and multifarious. 

Granular dolomites are more freouentlj associated witb dis- 
tinctly sedimentary rocks than are the granular limestones. 

Difficult to distinguish from com- 
pact linio<tone, perhaps more rare. 
Accessory admixtures and varieties 
of composition are probably the same. 

(c) Kakxhy Dolomite. | Usually rougher to the feel than 

brdiosr n<ni>ioT. (0^.) I earthy limestone, probably owinff 
nox^ia.«Bo»fe» (/y.) ) to iti microscopical «wiU rW 
bohedial.crystals. If it be grey^ which is sometimes the case^ 
by reason of its accessory ingredients^ then it is sometimes 
pf\11ed dolomitic sand. 

(d) PoEors Dolomite. 

POHtibEH DOLOMTT. (GeTTO.) 

(e) Cellttlaxl DOLOmiB. 1 

zeluoer dolomit iKixmwMsa). itf&m,} \ With angular cavities. 

Cabgnkulk. (/v.) } 

(f) Bbsochait DoLoioTB. or\ 

Dolomite Bbbogza.. Corresponds with limestone breccia 

DOLOMiTBKKrriR. (Germ.) (p. 281, ante). 
B&fiCB£ DCUXJMITIQUE. (Fr,) ' 

{g) CoircBBTioiTART DoiOHiTE. I OoDffistmg of a number of balls 
BoLOHiB ooHOBanoMxta. {Fr,) * touching each other either Bke 
bunches of grapes (when it is called botryoidal), or like 
musket-balls, or jrrcat piles of cannonshot. Many of these balls 
when broken open are K)uud to have a radiated atructuie. But 



(6) Compact Dolomite. 

DiCBTiK Dolomit. (Germ.) 
DoLomB cwnPAcm. (Fr.) 
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they have been produced subsequently to the deposition of 
the mass, as is shown by the fa(!t of tlie lines of stratiiicatioii 
proceeding thru ugh them regularly. (Jukes.) 

Dolomite is seldom oolitiC; slaty^ iibrous, or stjlolotic, or 
at all events, such yarietiefl are mu^ more rare than in lime- 
stone. 

The calcareous dolomite ib yery similar to the dblomitic 

lim^'itone. The two may he said to meet lialf way. The 
argillaceous, bituminous, micaceous, siliceous, arenaceous, ferru- 
ginous, and carbonaceous varietieS| correspond with the «^n"^«T^ 
varieties of limestone. 

Three crystalline varieties of dQlomite must, however, be 
mentioned. 

Varieties in Composition. 

(A) Ohbomic Dolomite, i Is the name given by Breithaupt to a 
CfHROM DoLOMTT. {Otrm.) i c<»npoimd of dolomite, chromite, and 
oxide of chromium, occurring at Xischne-Tagilk in the Ural, 
and valued as a marble on account of its beautiful f^reen colour. 
The chromite appears in the form of delicate grains or crystals, 
the green oxide of chromium appears to form thin laminae. 
This beautiful rock also contains some iron pyrites and native 
gold, and appears to he penetrated hj mamfold yeins of quartz, 
(t) Dolomite of thb Bdtrsn Thal (Alps). This dolomite occurs 
with very rich combination of various minerals. According to 
Hugard, it is somewhat phosphorescent in the dark. It con- 
tains the following minerals — pyrites, quartz, much mica, or- 
thoclase, tourmaline, tremolite.chiastolite, garnet, ruby, realgar, 
orpiment, blende, antimony-glance, dufrenite, binnite, celestine, 
bairtea, and calcspar. (Compt. rend. 18^8, vol. xlvi. p. 1201 ; 
T. L. u. Br. Jahrh. 1858, p. 591.) 
(k) FbedazzXTB (^firom ^redasaoy \ Is the name given by Petsold 

. to a dolomite occurring at Pre- 
dazzo, in South Tyrol. It ad- 
' joins syenite-granite, of which 
it is a metamorphic product. It is white and cr^stallino- 
granidar, resemblint^ the most beautiful marble. Besides car- 
bonate of lime iuid luagnciiia, iL eunutins some siliceous clay 
and some -water. Hence Petasold caUed it a special minml : 
probably it is a oomponnd cf dolomite and brndte. (t« L. il 
Br. Jahrbw 1848^ p. 683.) 

. Geological Varieties, 

(1) CoKALLiNE Dolomite. \ Jura formation in England and 

KOBALUSNDOLOMTT. (Germ.) t German V 
DoLOMiE coauxtBHin. (JV.)' ^ J- 

(2) Alpine Dolomite. > Chief dolomite of the North- 

Doix)MiE Ax.i'ixE (cARGNBUjjvs). (Fr.) ) Alps^ conespondiog with 
the lower part of the Lias formation. 

(3) KfitrPER Dolomite. I la the Keuper of Germany. 

XaunBDOLOMR. {Oerm,)' 

r4) FLAmmr DoioiDTE. 1 x .i. « v 

^ ^ F-'AMVfRTTnoLOMiT. {Otrm.) \ In the Keuper ol bwabia. 



Prkdazzft. {Oerm.y 

FlU^llAZZTTE. {Fr.) 
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(6) Mtophobia Dolomite. I In the lower diyision of the 

MYOPHonTKN-DoT.oMiT. ( afTm.) ^ Keuper formation. 

(6) Malhstein or Isacfaftk (Grrm.). A dolomite of the upper 

division of the Miischelkalk, in Swabia. 

(7) Wellendolomit (wavy dolomite), belonging to the lower divi- 

sion of the Muflcnelkalk, in Germany. 

(8) Maonssiav LncBSTOiTE. I A dolomite limeetone of the Per- 

Camshbb MAoytemr. (/V.) / mian fonnatioD in England. 

(9) Zechstein Dolomite. > In Thimngia and 

Zf. HSTKiN-DoLOMiT, Rauhwackk. ((Tim), i fiankeil. 

(10) DoLOMiTic Sand I in the Zechstein of Thuringia. 

DOLOMrr-AsciiB. {Oerm,) ) ^ 

Many different Yarietaes of dolomite are known in the Car- 
boniferous SYsteni, or occur in the Gamhrian, Silurian, De- 
vonian, and Pemiian formations. The dolomite of Derbyshire, 
Durham, and Yorkshire in the latter formation furnishes the 
well-knowu building-stone of wliicli the Houses of Parliament 
{ii^o built. In the more recent forniations, dolomite would 
appear to be less frequent, uiileiic* it be that many compact dolo- 
mites are still mistaken for limestones. 

Much haa been written on the formation of dolomites since 
the first celebrated treatise on that subject of L. v. Buch, in 
Leonhaid's Almanack, 1824. Of the various arguments in 
faTOiir of the transmutation of limestone into dolomite, perhaps 
the most desornnfr attention is tlio hypothesis developed by 
Ilaidinger and v. Morlot, according to which the conversion 
: was effected by means of solutions nf sulphate of magnesia 

(Epsom salt), and gypsum was produced at the same time. 
In many cases this is very probable. (Haidinger*8 Naturw. 
AbhandL toI. i.) To us it appeals very probable that many 
dolomites have been formed by crystallisatioin of coral-reefs, as 
V. Kichthofen has ably proved m the case of some of the 
dolomites of Southern Tyrol. Vide MM. Seemann and Guyerdot, 
Bullet, de la Soc. g6ol. de francei (n. a.) vol. xix. p. 995,1862. 

GYPSUM AND ANUrDRITE. 

Gypsum is a combination of sulphate of lime with 
water. Anhydrite is sulphate of lime without water. 

Gypsum as a rock is much more frequent than anhy* 
drite — at least we seldom find anhydrite on the surface 
of the earth — a circumstance which is explained hy its 
readiness to absorb watel?, and consequent conversion into 
jjrypsnm. For the rest, the geological position of the two 
is very similar. 

37. GYPSUM. 

Gtps. (Germ,) 
Gytse. (J^.) 

An aggregate of sulphate of lime, usually crystalline, 
sometimes covipact or Jihrous ; sojt^ and usually ichttt. 
Spec gray. 2*3. . 
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Pure gypsum consists of 46*5 per cent, sulphuric acid, 
32*5 lime, and 21 water. It is so soft that it may be 
scratched with the nail, and only gives a dead sound when 
struck with the hammer. By these properties it may be 
most easily distinguished from white granular limestone, 
to which it bears great resemblance. Its texture is most 
usually fine-grained (alabaster), sometimes also porphy- 
ritic, containing huge shining crystals of selenite. It 
is only rarely (^uite compact; in thin layers or narrow 
veins it is frequently fibrous or sparry. Its original snow- 
wliite colour is sometimes tinged grey by admixture of 
bitumen or clay, or red by oxide of iron. The mass 
sometimes (though rarely) contains as accessories some 
mica, talc, quartz, boracite, pyrites, copper pyrites, grey 
copper, zincbleyde, and sulphur. 

Moreover, in gypsum rock are sometimes foUnd nests 
or veins of aphrite, anhydrite, rock-salty stdphur, and 
chert 

The weathered surfaces of gypsum (owing to its solu- 
bility in water) are usually much worn or eaten into. 



Varieties in Texture, 



Almost always white, 
somewhat tranBlucent. 

1 With crystals of p^^psum in a fine- 



(a) Gbanulab Gypsum or Alabaster, ) 

Oyps Oder Ai^Asmu (Oerm.) f 

GvT'PK SACcnxnornE. (Fr.) ' 

(6) PoRPHYRITTr OyPSUM. 

i^oBPHYR^uriuKR GYPS, j gjajned gypsum matrix, 
(c) CoicPACT GYWra. ) naually mixed with day 

DiOHTOR 0YP8. {Germ.) \ Oltumcn, ^ 
Gyphk compacte. (/>.) ) to the rock 

(a) Fibrous Gypsum. 

Fasebgyps. (C«7».) 

GTP8B FiBBsux. (/»».) ^ qt m ajgiUaceonB flhale or maii 

{e) Spathic or Sparbt Gtpsxjm, or Sslemixel) Oooun in siniilar 

Si'ATHKii-u Gvps (xliT ■nr.ATtBBOTPB. (tfcrm.) 

GYPBE LAMLNAIllE. (/V.) 



Usually only in the form of thin veins 
or aeams occunm;; iu other gypaum, 



(/) Trtpe^toxe. 

Gkkrosesi'EIN. {Genn.) 
' PmRBB DB TBIFia. KFr.) 



manner to the 
fibrous variety, 
texture and com- 



Is a variety both > 

position. It is formed of thin layers 
of pure white gypsnm, alternating 
with grey argillaceous gypsimi, the whole twisted or crumpled 
to Tesemble a ruff, whence the Qennan name* 



Varieties in Composition. 

(a) ABaiLLACEOtTB Gmm. \ Grey, spotted, or striped; Ivy leaflim 

THONr,YT>P. (Verm.) \ of an aamixtuie of cUy. 
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(A) BiTi'^rrxors Gypsum. \ PifHrult to distinguish from the 
BiTUMixii^KK Gyps. (Germ.) \ iaist-uamed variet\% 
Otpse BiTUMixeux. (Fr.) ) ^ . 

(t) Micaceous Gyi'^i'm. \ Mixed with mica or talc ; finalogmia to 
GuMiiBBOYrs. ^^^*'"h)' r micaceous limestone ; of rare occur- 
Gtfoi hivivobke. (/V.) J ^^^^ ^j^^^. ^^.^^ crvstalline 

schifitfl, as (e.g.) on the south elope of the St GotthardL 

Gypsum is rarely distinctly stratified or fossiliferous ; 
both facts are in all probability connected with the mode of 
its original formation, planting to a chemical rather than 
mechanical orijxin. It is contained in deposits of the 
most different perimls, and exceptionally In the crystalline 
schist formations. It seldom forms extensive beds parallel 
to the other strata^ but rather flat lenticular or irregular 
masses or accumulationB in connection with anhydrite^ 
rockHsalt^ and clay» or sometimes with dolomite. Some- 
times it even occurs in abnormal bedding between other 
sedimentaiy rocks. From the circumstances under which 
it is found to occur, it has been inferred that gypsum 
must be a product of the local conversion of limestone. 
Chemically, no doubt, this would be possible, if the 
reqiiisitt^ sulphuric acid were present, btit such origin on a 
large scale is not capable of demonstration from any known 
facts. Some gypsum rocks may be actually shown to 
have been formed by deposit from aqueous solution of 
sulphate of lime ; others by the decomposition of pyrites 
in the immediate neighbourhood of calcspar; others, 
again, by the absorption of water into anhydrite. Hai- 
dinger and Yon Monot have also shown that gypsum and 
dolomite may together be formed by the operation of 
solutions of sulphate of magnesia (Epsom salt) on lime- 
stone ; nevertheless all these different facts or theories of 
possible formation hardly suffice to account satisfactorily 
lor the origin of the great masses of gypsum (frequently 
combined with rocknsalt and anhydrite) which occur in 
the flotz or secondary .series. The supposed origin of 
gypsum from anhydrite leaves the greater difficult un- 
solved of the original deposit of anhydrous sulphate of 
lime. 

The exceptional nature of the bedding of gypsum rocks, 
as well as the frequent disturbances which appear in the 

adjoining strata, are best explained by the action of water 
in partially washing away the original deposit of gypsum. 
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and also the rock-salt with which it is usually accompanied* 
The first consequences of such process would be to form 
great cavities ; after a time the roofs of these cavities 
would break down and cause disruption in the super- 
incumbent rocks.' This is to us the most probable mode 
of accounting for the existing phenomena. Certain it is 
that these tlisturbarices of the neighbouring strata are not 
of a nature to authorise us to infer an eruptive origin of 
the uyjtsiuii rock. 

The gypsum beds of different geological periods have 
not received ditierent names, as they are not petrographi- 
cally to be distinguished from each other. It may never- 
theless be of interest to compare the different places of 
their occurrence in the European geological series. These 
are chiefly as follows : — 

(1) In Miocene deposits, with remains of plants at Paria, in Italy— 
with sulphur and rock-Bait in SicOj. 

i2) In I'^ocene de^sits, with bones of animals, in the Paris basin. 
3) In the Triassic formations of the French and Swiss Alps with 
roclc-salt and cnrp^enli; (Lonj, Fa ire, <tc.) 

(4) In the Keuper of Geimanyi sometiiiiea with rock-salt^ but with- 

out fos«<ils. 

(5) In the Musclielkalk of Germanyi with anhydrite and rock-salt, 

without fossils. 

(6) In the Upper Variegated Sandstone of Gtermany and the Alps, 

with rock-salt and anhydritOi without fossils. 

(7) In the New Bed Sandstone of England, with rocknBalt, without 

fossils. 

(8) In the Zochstein of Qermanj, with rock-salt and anhydrite, 

without fossils. 

(9) In tlie Permian formations of Uussia, with rock-salt 

(10) In the clay-mica-schist of Ilerreu-Gnmd, in Hungary (of un- 

doubted antiquity), with fahlerz and copper pyrites. 

(11) In the crystaUine schists of the A1|)s at St. Gotthaid, with mica ; 

at Bugg, in Switzerland, with mica and talc. 

JRe/erences. 

Satisman/i, Bemerktmjren iiber Gyps uud Karstenit, 1847. 
Karfftefi, iiber Oyps und Karstenit in his Aichiy, 1848, vol. xxiL 
pp. 54o and u7b. 

38. ANHYDRITE, MURIACITE, KARSTENITE. 

AMiYDiiiT, MuiiiACXT, ILlbstenii. (Germ.) 
Akhtdbizb. (jPr.) 

A prannlar or compact ag(jrc(iate of anhydrous sulphate 

of lime ; Iiarder than gypsum > white ^ grnj, or blue. 

Spec. gray. 2 8—2-9. 
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Pure anhydrite is white, and maj easily be mistaken 
for gypsum or dolomite. It may, however, be easily dis- 
tinguished from dolomite by its not effervescing with acid 
even when pulverised and heated ; and it is much harder 
than gypsum. The colour of the grey or blue varieties 
is caused by the admixture of clay or bitumen in small 
quantities, i lici t are scarcely any distinct varieties of 
texture. It occurs in nature under similar relations to 
gypsum, except that it is scarcely ever met with on the 
surface of the ground, because there, by the absorption of 
water, it is converted into gypsum. 

For literary references refer to those und^ the head of 
gypsuzn. 

FBAGMENTAL BUCKS. 

These rocks are comjx -i d of the frapfments of older 
rocks, which have beeu broken up h\ niccliMriical iorces, 
and their parts deposited and rcunit( <1 or cemented to- 
gether into a solid mass ; they are therefore termed frag- 
mental rocks. 

A somewhat similar origin may no doubt be ascribed to 
the argillaceous rocks, marls, imd some limestones, but in 
this case the parent rocks have undergone chemical decom- 
position, as well as mechanical disintegration, and the dis- 
mtegrated parts have been resolved into very fine mud 
before the work of reconstruction commenced, so that the 
connection of the new rocks tlins formed with those from 
which tlioy sprincr is not so evident or easily traceable as 
in the fiagmental rocks proper. 

Sandstones consist of grains of some mineral (usually 
quartz) compacted together ; Conglomerates of rounded 
stones or pebbles cemented t(^ether ; Bbecoias of angular 
fragments likewise bound* 

Uncompacted Sand, Gravel, Shingle, and Heaps 
OF Rubbish belong to this division of the materials 
of which the earth*s crust is composed. 

Tufa rocks Lire conglomerates, more or h^ss firmly 
united, of fran incTirs thrown from volcauoes of the pre- 
sent or an earlier time. 
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39. SANDSTONE and GRITSTONE. 

Sandstein, Psammit. i^Gcrm.) 
Gi?ES. (Fr.) 

iSmdU grains of some mineral, usually of quartz, are 
cemented together by same mineral substance^ 

The process of the original fonnation of all sandstones 
has consisted in the washing together of small grains of 

some solid mineral, usually quartz, and these were after- 
Avaicls. bound together into a solid rock by some cementing 
medium, or perhaps by jshnple pressure. In other words, 
rliese rocks ^vriu iunned from sand, into which they may })e 
I'esolved again. The grains are usually rounded oft, and 
only exceptionally exhibit faces and edges of crystals. 

Quartz being the most abundant mii^eral of the earth, 
and at the same time yeiy hard and dii&eult of decompo- 
sition, furnishes the material for the most sandstones; 
these, however, also contain partides of felspar, flakes of 
mica, fragments of shells, and grains of glauconite. The 
binding medium of these grains usually consists of clay, 
marl, or hydrated oxide of iron ; less usually of silica, 
carbonate of lime, kaolin, talc, or asphalte. Sandstones 
often contain as accessories concretions of hydrated oxide 
of iron, frequently in the form of balls (eagle stones*) or 
irregular masses, nodules of pyrites, rounded pieces of 
amber, coal, and the like. 

As all sandstones are mechanical aqueous deposits, they 
are always stratified. They frequency are interstratified 
with other rocks in alternate beds, such, for instance, as 
clay-slate, argillaceous shale, marl, &c. They belong to 
no exclusive geological period, but are found in those of 
most vaiious age. 

Varieties in Texture, 

(a) ComcoN SAinDSxaNX. > With grains about the size of ' a 
GmsniBB saautejuk. ((T^rm.) i mustaxd-aaed. 

• ' " Eagle stone," the yEtites lapis of the ancients, fabled to have 
been IfikI in tlip nest of the eagle. A vanity of nodular ai'g:illa- 
ceous iron-ore, havinp: a concentric structure and occasionally so de- 
composed within as to have a loose kernel which rattles ou being 
shaken. This kernel waa known by the name of CaUimus, and was 
supposed to be the Yomiff in the womb of the parent nodule ; hence 
the fable of the tetitea bringing forth young. When thero ia no in- 
ternal kernel the nodule beoomea a geode.' — Ba^e, 
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(6) COAB8B-GRAIVBD SAinWTONE. ) . . , 

cnnnKORyinKn SANDflTKiN. (o<nn.) f Paflsiiig uito Conglomerate. 

Gitia A QRoe GUJUX8. (/v.) J 

FfciNK.mM.u R sandotein (Kkr I Or finn sandstoiie, passing mto an 
FjiiNSAMMjmN. iOertn.) \ apparently compact state. 

(d) Crtstaiiibbd Sajtbstokb. 1 F^i.^ quartzHaystals 

KitYSTTALLaAXD^EiN. (G'emi.) on which the crystallme faces may 
Uiu» caisTALUK. (Fr.) ) be recognised. 

In all these sandstones the texture varies not only in 

respect of the size oi' tlic griiins, but in res|)ect of their 
quantity or abun lanee compared with that of the cement- 
ing medium. Some sandstones, owing to the ])redomi- 
nance of the latter, pass into rocks of a totally dif- 
ferent character^ such as marl, claystone, &c. 

(e) Fissile Saitdstone. \ Flafrstone in part : usually owes 

SCHKrRioKB SAKDOTsnr Oder L ita texture to a plentiful ad- 

ORfes FISSILE. {Fr.) f inixiure or mica. 

(J) GlOBiTLAB Sakbstoite. \ With ball-sh aped coucTetionB of oom* 

KuGKL8ANi)>TKi\. (Grrm.) \ p^ct OT firm sandstone in a matrix of 
OKto NODULEux. (/v.) f J^^^ ^^j^^j^ etmctuie. In Transyl- 

yama vety eztensiyely developed. 

According to differences in tlie nature of the cementing 
material, we have the ibllowing varieties ; — 



(g) Abgillaceous Sandstone. 

Thokiobb Buxo&neax oder Tboh- 

8ANDOTEIN. {Oerm.) 
Onto ▲UUIL^UX. {Fr.) 



The most frequent variety. 
If the clay predominates, it 
passes into arenaceous clay, ar- 
gillaceous shale, or clay-shale. 
(A) Mably Sandstons. ) The next most frequent va- 

Mehgeuoer SAxn5?rEix ofior . ^^^y. If the marl predomi- 

Meboklsandoteix. {Germ.) x*^ xi. * i. 

Gate MAiiNBinc. (^.) / nates, then it parses into are- 

naceous marl or marl-shale. 
(t) Calcakeocs Sandsxonb. ) With a calcar<M^ns ( pmeTiting 

KAUCioKn SANWn-KiH Oder Kalk- \ luediiuii ; soiiicwlial riire : 
s.\si),<TKiN. (Germ.) \ t ' 

GRia cALCAUiFtoE. {Fr.) f passes mto arenaceous hnie- 

stone. 

(A) Siliceous Sakdstone. \ With a veiy solid hoiDstone^like 

KiKSKT.«ANn<nEiN (Gr«-m.) cementing material, in vhlch the in- 

dividual grains of quartz are nnely 
imbedded and are frequently not to l)e distinctly recomiisea. 
"When these grains are iiititnately hlended with the matrix, 
then this variety of sjuidstone passes into q^uartzite, quartz- 
rock, or a kind of homstone. 
(f) FEBBueiiroFB Sandstoitb. \ A sandstone with hydrated 

B1SBK8AND8TEIN Oder EisENscHOsBioaB I ozido of iron, or peroxide 
Sanjmtkim. (Gemi.) f ^ • 'L ^ 

GBto raBBuoiNBux. (Fr.) ) ^^^^y as iiienting 

material, which always 
gives the rock a red or brown colour. Sometimes it is spotted or 
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striped ftoin the unequal distribution of the iron (Tiger Sand- 
Btein, Germ. ; Tiger sandstone, Engl). ^ K tlio In drated oxide 
of iron should bff'onie predominant, as is Bonietimeij the case, 
then we even find transitions into hrown hj?'iiiatite. 
(m) Kaolin Sandstone. i With kaulm as cementing medium ; 
EAouNRANDflTsnff. (Germ.) > almost always white. Occuib, e. g., 
at Wissenfels in Thuringia. If sandstones of this descriptaon 
contain only quartz and kaolin, they fonn Teiy fine fire-proof 
stones, and may he used for lining furnaces; e.g. Steinhaide, m 
the Thuringian Forest. 
(») Talcose Sandstone. \ With a talcose cementin«>^ medium. 
TAutsANDOTBiN, {Germ.) r This variety approaches in character 
anteTAU^CTux. (/ir.) ' itacoluniite, which, as we have 

ah'eady seen, a kind of sandstone (vide p. Si47, ante), 
(o) AsPHALTic Sawmtofb. \ With ae^halte as cementing me- 

Asi iiALTSANDgrn.iN . {(h nn.)\ dium, a variety only of exceptional 
Gufis BmiMiNEux. (/V.) ) occurrence. 

Note. It is frequently verv difficult to determine the 

exact nature^ of the cementing medium, especially as two or 
more kindfl often occur together in the same rock. 

According to differences in the nature and snbstance 
of which the grains themselves are composed, we have the 
following varieties : — 

(«) Quartz-Saxt).tone. QuABXZ-^ (The quartz— 

PsAMMTT. Quartz-Grit. 
QuAEzsA^ND^'. (6'erm.) [ This 18 the MOst frequeut of 
GBfis QUABizBox. (A'.) ' all sandstoncs. 

(The mico-psammit 

(j) Micaceous Sandstone. Micaceous Grit. \ ofXaamann.) Con- 
OLuiiiiiiiSANDSTEiN. Mico-psAMMiT, A^oMmanw. I tainin"' Hakes of 

PsAMMm^ MiCACSlK), BrongniorU (Fr.) j mica with thegrains 

of (juartz. 

(r) Arkose or Felspathic Sandstone.) ^^'itli grams of felspar as 
^ ^ ARKosE. {Germ.) \ J^eH ^ quartz, combined 

ABKOfiB. (IV.) } in some cases with nakes 

of mica. This rock thus resembles granite in its composition, 
and is theiefore sometimes called Kegenerated granite. 
(«) Gbeen Sandstone (Grebnsahd). ) Containing grains of glauco- 

- • ' ' y nite with quartz, imparting 

a more or less green colour to 



QwivaASDS^iELii* {Germ,) 
Gate VBBT. (Fr.) 



the whole rock, sometimes even a dark-green colour. Ac- 
cording to £9irenberg's microsoonic analysis, these glauconite 
grains usually consist of the fosdlB of very minute Testacea. 



(t) Shsix-Sakdstone. \ 

MVSrTTKT.OAKDfllBIlI. 

{Germ.) 
OBftB OOQUnXISB. (iV.) 



Coral sandstone : the grains are fragments 
of shells or coral ; the cementing mate- 
rial carbonate of lime. Bare. 



The difference between sandstone and gritstone is 
a vague 'and undeterminable one^ as must necessarily 
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be the ease where the things themselves are so various 
and eapricious in ccntiposition and texture. The term 
gritistuue is, perhaps, most applicahle to the liarder sand- 
stones, whieh ocmsist most entirely ol' grains of quartz, 
most Jirmly compacted together by the most purely sili- 
ceous cement. The angularity of the particles cannot be 
taken as a character, since the rock commonly called 
* millstone grit ' is generally composed of perfectly round 
grains, sometimes as large as peas and even larger ; -die 
stone then conmiencing to pass into a conglomerate/ — 
Jukes, 

J likes gives the following local terms for sandstone : — 

Hockj used gentruily iu South Staflfordshire to denote any 
hard sandstone. 

Rakhe or Moc^ geneially used for a lofter aad moxe fiia1>le 
stone. 

Bubble means either loose angular gravel, or a slightly 

compact* rl brecciated sandstone. 

Hazel is a North of Kn<rland term for a hard srrit. 

Post if5 a similar term tor any bed of firm rock, and is usually 
applied to sandstone. 

l^eldon is a South Staffordshire term for a hard, smooth, 
flinty grit. 

CaUiartl or GaOiwrd is A nortliem term for a similar rock. 
Freestone is a term in general use which is often applied to 

sandstones, but sometimes to limestones and evon to jrranite, 
as in the counties of Dublin and Wicklow. It means any stone | 
which works equally freely in any direction, or has no tendency 
to split in one direction more than another. 

IXagdme (see ante, p. 200), on tiie contrary, means a stone 
wluch splits more freeify in one direction than any other, that 
direction bung along the lines of the orisinal deposition of the 
rock. These stones are ordinarily sandstones, thoug-h often 
rery arfrillaceou5>, and some flagstone*? are perhaps rather in- 
durated clny in their beds than sandstone. 

Thin-bedded Umestoues may also be tlagstones. 

Independently of the different petrographic varieties of 
sandstone^ we haTe numerous geological varieties. These 
must always be determined by their bedding or b^ their 

fossils ; and they are £requently only local in their cha- 
racter. 

(Ij lilE MOST RECi^M MaRLNE \ ^\y\i\Q\i OH some C0ft.sts is StiU 

N JiSfi&Ai;!*™. (fl^) i ^ P^'^^ ionnation. 
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(3) BlXttbbsakdstein (Germ.)^ contaking impreeaons of leaves of 
troes; occurs in' the Mayeuce Tertiary basin. 

(3) MoLASSE Sandstone. ] A sandstone of the Molasse forma- 

MoLA88BSAMD4rrKDi. (Germ.) I tion on the northern mannn of the 

GRBB M0LA8SB. (/V.) 4 1 1 1 ^ 

) Alps ; usimlly *i:rev. 

(4) Bkowncoal Sandstone. ) Smiclstoiie of the Browncoal 

BKADSKOHLENSAKDanDH. «7«rm.) > formation in Bohemia and 
Northern Germany. Miocene. Frequency siliceous sandstoine. 

(5) Bagshot ^akd, in KnglancL Eocene. 
(0) Thanxt Sand, in England. Eocene. 

^T^4„''^«";rK,x. (oer„.,] Partly Eocene, partly Older. 

(9) FucoTDAL Sandstone. ) 

FucoiDExsANDsmN. iGtmu) \ With remains of 1 ucoids. 

(10) NuMMtTTJTic Sandstone. ^ Containing lemains of Num- 

JiVUUVUTSSaAItDesWK, (Germ.) t ^„mIZI, 
GBlBe MUMllOmHIQm (Fr.) ) mUiHWH. 

(11) HALLiesAiriMSTEiH (<?enn.), A sandstone of Switsearknd. Eocene. 

(12) Taviglianaz Sandstone. i Thelii©. Eocene. 

(13) Macigno. t , » , 

mactoko. (OfTTn.) [ In Nortii Italy. Eocene, or older. 

Mack; NO. (Fr.) ) 

(14) QuADEB Sandsionb. ) So callod on account of its rectan- 

QuADBRSAHDBiBEir. (Oerm.) \ gular jointings. In conjunction with 
the planer limestone, with which it is associated and inter- 
atratified, it forms a part of the Chalk group in Saxony and 
Bohemia. 

(15) Greexsaxd (Upper aud Lo'WBb). ) These constitute two di- 

GBtj2JaA2iD. iOerm.) I \-isions of the cretaceous 

ORftB^^^RT (BUPftimcuR » iKF^RiKUB). J ^^^^^^ -^^ England. 

(16) HiLs Sandstone. ] The lowest member of the Chalk group 

Un^sAXDifrEiN. {Germ.) i Westphalia. 

(17) Taseij.0. ) ^ aandatone of the Chalk period in Tstria. 

TAS8IXO. {€nrm.) t ^ 

(18) Deistkr Sandstone. > Westphalia, belonging to the Weal- 

Dki«ter«and*tki\. (a>Tm.)i dcn formation. 

(10) Hastings Sand, England. Wealden formation. 

(20) Portl.and Sand. Upper Oolite fomiutinn of England. 

(21) Dogger (Genn.). A coarse-grained sandstone, brown, some- 

times very argillaceous. Whitby, Yorkshire. Westphalia. 
Jura foiftnation. 

Usually light-yeHow and fine- 

• grained. A lower member of 
the Lias, atGotha« An upper 

member of the Lias of England. 
(23) Cardinia Sandstone, > Containing many Thalassites 

" I.); 



(22) Lias Sandstonb akd Sahs.' 

Leiassandsteix. (Oernu) 

GnJ's ijafiqi't:. (Fr.) 



[{Cfmn. ) ) ( Cardinia) . 

^ ^ K^FntsAHDsniK. \ ^^nnany, Irequent. 

(26) SCFTT F S andstone. ) A member of the Upper Keuper in 
SoEiLFSAXDsrEiN. iOerm.) > Swabia. 



Digitized by Google 



300 



SEDIMENTABY ROOKS. 



(26) Vakiegated Sandsio.n k. ) So called on account of its bein<? 

BumcuMnsnmr. (Ofrm.) ■ frequently paiijdcoloured. It is, 
OBte BioABBt. {Fr,) J however, sometiinefl of one uxiifona 

col iir (white, yellow, or red). It constitutes the chief mem- 
ber of the Buntsandstein formation of Germany. 

(27) VosGES Saxdstoxe. ) Lower diyision of the Sandstone 

VuoKSENaANDm^ {Germ,) | formation of the Vosges Mountains. 

(28) Bed Sandstone op the Alps] Corresponds with the Varie- 

(VETtKUCAXo). I gati^d Sandstone of Germany 

RoTHER alfknha.ndstein. ((?«rf».) [ and the New Red Sandstone 

OB18 BOirOB DB Aim (JV.) J of Elirrland. 

(29) New Rbd Sakdstone. Name applied in England to the whole 

series of strata lying between the Lias and the Permian rocks. 

(30) Newsiti Saitbsions. A memher of the Keuper series of 

Gloucestershire. 

(31) Weiss- oder Gbaitliegendes. (Germ.) A White or Grey 

Sandstone (frequently conglomeratic), forming the lowest mem- 
her of the Zechstein in Thuringiay and sometimes contaLniug 
copper-ore (Sanderz). 

(32) CuPKiFERous Sandstone. ] A member of the Permian forma- 

KuPFERSANDsrasN. (6vrm.) I tion in Russia. Old Red Sand- 

QBS^ CUFBJFMBE. iFr.) j ^^^^ j^^^ 

(33) RoTHBR Sandsteht. ((?erm.) Former designation for the Eoth- 

liegende formation, containing arkose and other sandstones, 
usually of red colour. 

(34) Carboniferous Sandstone. ] WTiite, brown, yt'llow. grey, 

KouLExsANDSTKix. (Germ.) I or almost black, in w hit h ca^e 
Onto HomLE^ (/y.) J contains carbon. Frequent 

in the Carboniferous strata of old countries. 

(35) MiLisTONB Gbit. I Lowest member of the Coal 

mj™Bs™K. <«^)| fonnation sometimes. 

(36) Gbetwack^ Sandstone. \ Usually very firm, with ar- 

Grauwaokkn-sandotein, Oder kor- Qpillaceous comentinfr medium. 

MiG£ GRAWAcitB. (Germ,) ' tm»^^ ^« 
^ViKix esto BOTOB. (J»y.) When very line-grained, or 

* almost thick, it lias been 
called grauwack^ or quartzite; sometimes it is very coarse- 
grained, even conglomeratic. If the clay medium should 
become slaty, then it t?oes over into greywaeke-Jschitit. It is 
frequent in Devonian formations. Delesse, however, appears 
to n|iTe understood something different in the Yosges under 
the term of greywack^, since he says that it consists almost 
entirely of albite, forming a felspathic matrix, containing 
q^uartz, hornblende, several kinds of mica, chlorite, and occa- 
sional! v some carbonates. Ann. des Mines^ voL iii, p. 747 } 
V. L. u. Br. Jahrb. 1S56, p. 359. 

(37) Baggy Point SA.Mi^ J oXE (P^r'). Upper Devonian. 

(38) Dura-Den Sandstoxes, Fii'eshire (l*age), -with Hobptychii 

and Ptmehthys, ^^PP^^ Devonian. 

(39) DvNSB SANDSiONESy Scotland (Plage). Red and white* Upper 

Deyonian. ' 

(40) Flagstones of Forfab, with C^hala^f Chetraemvihm, and 

I^terygotua, Lower Devonian. 
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^41) Ludlow Savdsioitb, mieiiceousi frrey. Upper Silurian. 

(42) WENI.OGK Savbsionb^ Upper Liandovefy ; gritty. Upper 

Siliirifln. 

<^4-T) Caradoc Sandstone, frequently qiiartzite. TiOwor Silurian. 
(44i) Llandeilo and LrNftULA Flaujs, laiuiiiated saudstone, rich in 

mica. Lower Siluriau. 
(45) SupsB Stoves, Shropshire ^ siliceous sandstones^ passing into 

quarts rock. Gamhnan. 

We will cite a few treatises only as to sandstone^ re- 
lating to special yarieties. 

lUfereneei. 

Gerhard draws attention to the fact that the grains of quartz 
are angular and transparent in many sandstones. Abnandl. 

d. berl. Akad. 181C.-17, p. 13. 
Sehnftluiutl found grain«s of amorphous aiUca in sandstone, y. 

Leonhard's Jahrb. 184(», p. iVl^. 
ZetmchneTj Schtifthautl, and ii Ilauer^ on Carbonate of Lime 

and Magnesia as connecting Media, v, Leonhard's Jahrb. 

1843, p. 1(16 ; 1846, p. 665 ; and Jahrb. d. geol. Reichsanst 

▼ol T. p. 880. 

Gutherlet nubtished a treatise on the oystalline sandstones 
formed between the Vogelsgebir^e and the Rhim, in y. 

Leonhard's u. Br. Jahrb. iHll, p. 860. 

Ehrenberq, on Ureensand, Berlin, 1850, in y. L. u. Br. Jahrb. 
1855, p. 400; and 1857, p. J)l. 

BUchyf considers the mica of the sandbtone as a recent forma- 
tion. Geologie, yoL li p. 1450. 

A'p'pendix, 

This seems the most appro})riate place in which to in- 
troduce the mention of loose sand, which consists of in- 
coherent grains of quartz, or other mineral, and to a 
certain extent is a necessary preiimiuary state to the 
formatioii of all sandstone. 

SAND. 

P\>'T), {Germ.') 
Sable. (Fr.) 

Z/suaily grams of quartz^ somfiimes^ however^ of other minerals'^ 
e. g. fehpar, dolomite, caicspar, mica, and the Uke ; without 

hindivtj mtdium. 

These loose aggregates of mineral grains need no further 
description, although they may vary considerably in the size 
OB well as the substance of their iudividuai panicles. A 
certain coarse sand is called grit. 

Sand sometames deriyes a special importance from admixture 
of metallic grains or precious stones ; these, however, only occur 
loeallyy and axe suDordinate in quantity ; thus, for instance^ 
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8aiid is found to contain grains of gold, platiiimn, tin-ore, mag- 
netic irou-ore, diamond, zircon, hyacinth, topaz, emerald, garnet, 
pvrope, &C. It ia worthy of remark that sucii admixtures are 
aunoBt unknown, except in the newest incoherent aggregates 
of sand or claj (stream beds), yery seldom in solid sandstone. 
It may be, however, that solid sandstones do contain similar 
ingredients, and only that they hn\^' Tkm h less subjected to in- 
vestigation than the loose superhcial sand. Traces of gold 
have been actually found, e.g. in the Molasse sandstone of 
Switzerland, and aii^ain, some tin-ore has been discovered in a 
sandstone of Brittany. 

CONGLOMERATES. 

40. COXGLOMERATE, PUDDINGSTONE. 

CoNGLOVERAT, PouDSiKGSXETN. (Germ,^ 

JPehhles or rouinh tl slu/ws of ant/ mineral or rock Jirmly 
cemented together by media of various kinds* 

Conglomerates are of very various compositioii. Al- 
most the only restriction to the nature of their materials is 

that pebbles can only consist of a very firm substance 
capable of resistinjr decomposing influences. Their bind- 
ing medium usually consists of some of tiie most frequent 
and al)undant of the earth's materials, such as clay, sand, 
quartz, or oxide of iron. The pebbles chiefly consist of 
quartz^ lydiau-stone, granite, gneisB> mica-scb^t, quartz- 
porphyry, greenstone, hasalt, compact limestone, and the 
like ; much more rarely of sandstone, clay-slate, argilla^ 
ceous shale, coal, and the like. 

A special geological importance attaches to conglome- 
rates, from the fact that Ihey must in every case be more 
recent than the rocks whence their pebbles were derived. 
Thus they often serve to determine the relative age of 
individual rocks. By noting the j)osition of the })arent 
rocks, the geologist is often ennbled to draw conclusions 
as to the course and direction of former watercourses. 
Again, they often present interesting phenomena pointing 
to certain special processes in their formation. For 
instance, the pebbles are sometimes broken or dislocated, 
their parts remaining imbedded close together; or the 
pebbles are found marked with grooves and scratches ; 
or they are sometimes indented and forced <me into 
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another (wbich latter case is the most difficult of explar- 
nation). There is a conglomerate at St Loretta in the 
Lieitha Mountains, of exceptional character, containing 
hollow limestone pebbles, the inside cavities of which are 
concentric with the outside surfaco. 

It is difficult to classify congioinerates, on account of 
their manifold variety. We can, of course, speak of more 
or less coarse textures — we may also designate them ac- 
cording to the nature of their principal pebbles, or the 
character of their binding medium. Some examples will 
suffice to explain how such amode of nomenclature might 
be adapted to indiyidual cases. Taking the nature of the 
pebbles as the distinguishing feature, we may speak of 
quartz-conglomerate, porphyry-conglomerate, gneiss-con- 
glomerate, or miscellaneous conglomerate ; or, according 
to the character of the matrix, we may call the rock 
aro:illaceous, siliceous, ferrucrinoiis, &c. 

The following are conglomerates which have been 
specially named from their bedding or geological posi- 
tion : — 



(1) Nagblflue. \ A coiiglomerate of the Molasse 

Nagelfluhe. (Germ.) f fo] ' 

COKOIX)MfeHAT ALFIN. (Fr.) ) j^^^^^ ^^^^^^ ^j^j^^^ 



Nagelfluhe. (Germ.) \ formation on the iiortliern nianrin 



BiFitinp: of Alpine limestone^ but partly of quarts^ lydite^ granite, 

gneiss, kc. 

(2) Planercokglomerat ( Germ.) in Saxony belonp-?<t > tli»^ Quader- 

sandBtone^ with pebbleis of granite, syenite^ or ^uartz-porpJijry 
bound together by sandstone cement. 

(3) HusooireLOMERAT (Oerm.), with limestone and iionstone peb- 

bleSy and likewise many remains of shellB, oonining in the 
lower division of the Hit formation of Westphalia. 

(4) VosGES Conglomerate. [ Lower division of the variegated 

coKoujMfcuAT vowiKv. ( ^r. > ^ sandstouo of the Vosges^ with 
many pebbles of quartz and lydite. 

(5) CoNOLOMEEATE OF THE Weisslieqende. I In Thuringia, the 

COMOi^wBiuT Dn WinasmBfrn (aerm.)j * lowest member of 
the Zechstein formation^ with numaiotis pebblea of quaitx, 
lydite, and clay-elate. 

(6) CoxGLO^rER VTK OF TTf E RoTHLiEGENDE. I In Germany, with 

C(.N(;m)Mkkat DK.S K*>THLiK<iK\DKK. (Oerm.) f pebbles of qUETtZ, 

lyclite, granite, gneiss, nii(^a-:*clii3t, and qaart2*porphyiy, and 
a ('enientin<j medium of ferrii^nnoiissand. 

(7) Grey CuAULOjcERATE. i Lowest memb^^r of the Ilothlie- 

aiuraB CovoLOHnuT. gende, in Saxony. 

(8) OoNGLOXBBATB OF Hahtichbv. I In Sazo&y, answering to 

coH^uaaRix TO HAimoHiir. (Omn.) ' the Carbonifezoua lime* 
stone fofmation } containing day-fllate^ mica-schlaC^ gneiasy 
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srnTDilite, <nraiiite, and greenstone i biudiag medium arenaceous 
and of brown colour. 
(0) GKurwACK^: CoNGLyMi:RATE. ) At the Hartz, in Thuringia, 

ORAvwAGxn-oomnoiiiiuT. {Gtrm.) f in BolieiitiA, and other plaices. 

OBAuwAcicK oBoesduuL (/V.) ^ DOToman, partly Si' 

lurian, with pebbles of qiiaitS| Ijmte^ da^r-alate, granite^ Ac 
Binding medium aigiUaceouB^ or arenaceoiu^ and of grey colour. 

We should state that there are some so-called pudding- 
stones which have altogether the appearance ot conglo- 
merates, but, in fact, are not such, as they do not consist 
of pebbles cemented together, but they contain rounded 
concretions of ^Diiie siliceous or calcareous substance. 

We sliall confine our references to some treatises con- 
taioing mentiou of special phenomena. 

References. 

Jiiinimtitr^ on the T^auretta Conglomerate, in Ber. d, k. k. 

Akuil. d. Wissenscli. zu Wien, 1856, July 15. 
Larte^ on Pebbles lowing IndentationB^ in t. L. u. Br. Jahrb. 

1836, p. 196. 
BJumy on the same^ ibid. 1840, p. 525. 
Daubrie, on the same, in Compt. rend. vol. xliv. p. 823. 
Cottay on the same, Qpol. Frnp:en, 185^^, p. 204, and on Vei^ 

Tvorfone Geschiebe in tlie sanio account, p. 212. 
Wwinibergery on the same subject, in y. I<. u. Br. Jahrb. 1850, 

p. 153. 

Deicke, on the same subject, ibid. 1860^ p. 219. 
CrurU, on the same subject, ibid. 1861, p. 226. 

Appejidix, 

BOULD£BS and PEBBLES. 

Qbsohibbb und Gebolix. (O^rm,) 

Th6t6 may eonsUit of very various materidU; and whenmited hjf a 
cemadrnff mediumf thof form a emgknmBtaU rotk, 

Erratie Mhdct and BoMan are of especial geological im- 
portance; they are sometimes only partially rounded, and 
they are disperoed over the earth's auifacci far from their 

parent rocks. 

They consist of very different kinds of rock, and have for the 
most part been transported to theii present position by means 
of glaciers or of drift-ice. 

41. BRECCIA. 

BBltcODB. (Germ,) 

Bb^cbx, BBBOCioiAy Bnmgmart ( JV.) 
A rack eampased of angular fragments of minerals cr 
solid rocks cemented or bound together by some matrix 

or binding medium, [BKECC10L.A when the Jrag^ 
ments are smaU,^ 
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Breccias, like conglomerates, may consist of the most 
Tarions substances, both in their fragmental ingredients 
and their connecting medium, whence a similar richness 

in the number of varieties, which are too numerous and 
manifokl to admit of classification. They must in each 
case be named according to the character of their in- 
gredients — thus, quartz-breccia, gneiss-hrercia, limestone- 
breccia. Sec, — or according to the nature of their matrix, 
as in the case of conglomerates. 

Breccias are geologically important, because in every 
ease the fragmental parts must be of greater age than 
that of the rock itself ; also because they indicate violent 
disniplion of the rocks in their immediate neighbourhood, 
and from the circumstance that very angular frs^ments 
can never have travelled very far from the place of their 
original bedding. 

The following kinds of breccia are noteworthy on geo- 
logical grounds. 

Geological Varieties. 

(1) Fbiction Breccias. ] These are "breccias formed 

RKiBUNoaBRificciEN. iOerm.) at the inarLnn of f ruptive 

BBl»» in num (OKFuomiantT). ■ ^^^^ ^^^^ 

J their eruption ; the matrix 
of the breccia consisting of the substance of the igneous rock^ 
and tlid enclosed fragments being pieces of the lodcs broken 
tiitough. These breccias are very frequently found at the 
mai^n of porphyries^ greenstones, basalts, trachytes, &c., and 
may be designated accordingly. 

Si!iilpr has given the name of Metamixite to these contact 
formations. (Ueber Petrogenese, 1862.) 



(2) Quaetz-Breccia. 

QuAiOBBOCKBRnaB. (Chftn,) 



(3) BoKK Breccia. 

Kmochsnbubccib. (Oerm.) 

BBfeCHB 1 OSBBMBETtB. (fV*.) 



Consisting of fragments of quartz 
bound together by quartz or by 
ferrogmotis quartz. It rery fie- 
quently occurs as^ the filling up of wide gaps or clefts m 
the crystalline schists, e.g. at Schwanenfek in the Erzgebirge* 

' A breccia whose frapnental por- 
tions chiefly cou.sist of fossil Ivmips, 
frequpiitly found m clefts and ca- 
vities of limestones, and, as it would appear, always of very 
recent oiigm. 

(4) HASBLeEBiBOE {Germ.) is the name given to certain breccia- 
like rocks occurring in connection with the rock-salt forma* 
tiona of the Northern Alps. They consist of day as matrix, 

and contain ver^' various fratrments of the neighbouring rocks. 
They have probably arisen from the breaking in of the roof 
of cavities caused by partial washing away of the rock-salt. 
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Topaz Bock. ) This rock may be treated a breccia, 

ToPAPFKLP. (Oerm.) I and 18 therefore placed here. AVe 
ToPAzouTUE, ToPAzoofeMB, f gjiall also Hotice it again as a sepa- 

^^-^ J rate rock (page 324, post). 
Cotta, on Breccia formation, in Geolog. Fragen, 1858, p. 186. 

Appendix. 

Accumulations ob heaps of loosb fbagicents of STo^i::^ ob 

KUBBISH. 

These may be naturally or artificially formed, e.g. naturally 
by the fall of a rock or mountain, or artificially by the 'tip- 
ping ' of stones at the mouth of a mine or elsewhere. 

42. TUFA or TUFF. 

TuFFBiLBiTKexsr. (Germ.) 
TuF. (JV.) 

Accumulations of lapilli, fragments^ ashy or other suh- 
stances, ejected from volcaiioeSy and mure or less Jirmly 
compacted together* 

We can hardly, within reasonahle limits, give a more 
definite description of these rocks, on account of their 

freat variely both of state and composition. ^^^J i^^y 
e best understood by a description of the mode of their 
origin ; yolcanoes during their eruptions east out masses 
or lumps of lava, usually scoriaceous — so-called * bombs ' 
— which are for the most part rounded, and vary in size 
from the size of a man's fist to that of a human head and 
larger; but besides these bombs, volcanoes also emit what 
is termed ^ volcanic sand,' and even dust-like particles of 
lava or ^ volcanic ash,' often accompanied by non-volcanic 
fragments which have been torn away from the sides of 
the crater. 

In still weather all such products fall on the slopes, or 
in the immediate neighbourhood of the yolcano; but in 
storms of wind they are often borne to a considerable dis- 
tance, and so become separated according to their size and 
weight. If tlie volcano be in the neighbourh(jod of the 
sea, or of a freshwater lake, then they often fall into 
these. 

They are likewise frecjucntly washed down by floods 
of rain from the steeper slopes of the volcano, and are so 
accumulated in one or more separate localities. By such 
means they coyer the land with a loose stratum, or with 
the assistance of water they become more or less regularly 
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stratified^ form deposits of various thickness ; and some- 
times trunks of trees or other substances become imbedded 
with th^. A^ain« if these volcanic products are de* 
posited in considerable quantity, either in the sea or 

freshwater basins, then they envelope such remains of 
coral, shells, fishes, and the like, as may happen to come 
in their way, these latter being in such case converted 
into fossils. 

Such is the origin of volcanic tufa, which may therefore 
either be a land formation, or a freshwater, or marine 
formation. At some very lofty volcanoes, especially some 
near Quito, there occur streams of mud, which are oc- 
casioned by the rapid melting of the mountain snow or 
the bursting of some internal reservoir of water. The 
violent rusbof water carries with it all loose materials 
with which it comes into contact, converting them into 
mud, which is deposited where the niuuntaln slopes are 
most gradual. The mass thus formed is called Moja. It 
is, however, nothing but a kind of volcanic tufa. 

Tufas sometimes contain fragments of various kinds, 
large and small, angular and rounded, confusedly .mingled 
together ; sometimes the fragments have become sorted 
according to size and weight, so that we find some tufas 
consisting entirely of fine dust resembling claystone ; 
others of small grains resembling sandstone; and others, 
again, of only coarse fragments resembling conglomerate. 

It would be impossible to distinguish and arrange the 
manifold varieties of tufa systematically ; ^Ye can only in 
some measure indicate the local designations for particular 
varieties, commenrinp: with tho^^e belonging to active 
volcanoes, then instancing those associated with the older 
volcanoes, or even, as sometimes happens, ^vith plutonic 
igneous rocks. A genuine plutonic, i.e. subterranean, 
formation of tufa, is not to be imagined as possible. 
Therefore, as we nevertheless sometimes find tufas con- 
nected with and belonging to plutonic rocks, for instance 
with greenstones and quartz-porphyries, we must assume 
that these greenstones and quartz-porphyries formerly 
had an upper volcanic portion to which the tuff formations 
properly belonged, but whicii has since been destroyed 
and -washed away, whilst a part of the tufas have been 
preserved, being perhaps protected by other deposits. 
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yeij various mtes, joined 
togetht^r by pulverised 
particles of basalt or by 



We have no tufa formations belonging to the graniteSi 
because they never reached the surface in their melted 

state, and tufas and l)reccias arc the result of eruptions 
which. have taken place at the snrface of the earth, or 
beneath the waters oi shallow seas. 

(A) VOLCAMC TUFAS, BASALTIC AND TRACHYTIC. 

Tho materials of which tliey consist are wla^s, lapilli, ash, 
fragmt'iits of pumice, or lava mL\ed with other substances. 
Their structures are rouj^h, earthy to compact, arenaceous, 
conglomeritici or breccian, 
(a) Peperdto. ) Grey wackenitic matrix^ endodng lammsB 
pKi KuiN. (Germ.) f of black mica and giaina or ctystala of 
FEPEiUNo. (/V.) aupito, leucite, and maprnetic iron-ore; 
sometimes with angular fraprments of basalt, lonrite rock, 
limestone, and the like. lu the Albanian Mountains it occura 
in extensive beds of ^n-cat thicloiess. 
(6) BASALT-TUiA, aud Basalt-con- ^ Fragments of basalt of 

GLOMERATS, Of BRBCCIA. 

Bahalti'UKF und BA>)AL'r-CoNaLOiaBAT 

Oder Bheccos. (&erm.) 
Tor BAflAimQUB, CONOLOXtBAT BASAL- , , 

TIQUE. (/V.) clay, or some other de- 

composed rocky matter. This kind of tufa often likewise 
contains fragments or pebbles of other rocks, pieces of uu^dte, 
lit >rii blende, olivine, mica, and magnetic iron-ore, grains of 
glauconite, &c. It is occasionally penetrated by nests and veins 
of calcspar, ai'agonite; or sparry ironooie. It frequently con- 
tains fossils. 

(c) PALAOONinvTTTFA. } This is tlie name given by Sartorius 

. PALAooNm-uFF. (6'«nii.) f v.Waltershausen to avftriet^'ofbasalt 
PALAooNTTK. (Fr.) ^ f ^^^f^^ ^^^^ ol)servcd by him near Pala- 

gonia in Sicily. It is probably the product of transmutation 
from ordinary basalt tuta, taken place under water. The prin- 
cipal mass of this fock consists of a peculiar mineral formation 
termed palagonite, which shapes itself into compact masses, 
or into aggregates of small grains ; and it encloses fresh pieces 
of basalt, dolerite, or basaltic amygdaloid. Palagonite itself is 
amorphous, rpsemblin*? pitch, with a yellow to blackish -brown 
colour, vitreous to greasy lustre, conchoidal or splintery Irac- 
ture. 11. 4 r>. S^ec. grav. 2-4— 2*6. It in a hydrous silicate 
of iron, alumina, lime, aiul magnesia, with little potash or soda. 

(d) Ptjzzulana. ] A loosely cohereioit deposit of volcanic sand, 

pi //ri.v>. iOerm.) \ veiv useful in the Gonstruction of hydiaullc 

Fragments or pebbles of 
trachyte are more or less 
firnih' rempiit(>d tnnrether 
by tiueiy pulverised par- 
ticles 01 the same ma- 
terial. Or the matrix oc- 
curs alone as a compact fine earth mass of a white, yellow, or 
even green colour. Sometunes it contains pieces of 



(e) Tbachyte-tupa, Trachyte-con- 
glomerate, TEArTTTTE-PRECCTA. 

TBACUVTTUirF, TRACnVT-BllBCClE UHd 
CONOLOMKRAT. (Oerm.) 

J!vr rjMCMvnot-p:. CoNOLOIlSBtf TBA* 

cuvriyLii. (It.) 
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liomblende. or magnetic iron*oie in a better state of preserva- 
tion. In clefts and fissures of the tuff an opal-tike stone has 
found itself at Kaschau in Hungary; for instanco, precious 
opnl. Here and there it contains impressions oH plante and 

other fossils. 

(/) PuMiCEOFs Tufa, Pumiceous Saiid White, yellow, or grey; 
and CoMiLOMERATE. its texture earthy to 

BD wriaM T UFF , BnunaiN-SAifD md GoneLo- ' compact, very rough 

\fKUAT. (derm.) x j.€ r_ T|, 

TlJ. iuNCKUX, CONOLOMfillATPONCKUX. (fr.)/ . WIC ICOl. COU- 

siHts of an aggregate 
of pulverised particles of pumice-stone, frequently enclosing 
frap^onts of the anmo or of trachyte. As accessory ingredients, 
it also contains lamiu«3 of mica, crystala of felspar, grains of 
magnetic ii ti-(ir«% less frequently quartz and garnet. The tine 
pumiceous luia has sometimes formed itself into small con- 
centric globules QkisoUtes), as happens at the present day when 
rain occurs during a volcanic shower of ash. 
(ff) Tbass (Rhine), PAirsiUPro Tufa\ Are only local varieties 
(Sicily), ToscA (Teneriffe). [ of pumiceous tufa which 
Tbabs (l3ucK0rEUi>, pAusiupiTUFF, ToscA. f soiuetimes contain car- 



TBAi^'rw wi PATOHJOT. J bonised trunks of trees 

and other oi^anic re- 
maiiid, and usually are well adapted to the construction of 
hydraulic mortars. Much of this pumiceous tufa seems to be 
the product of volcanic mud-streams^ and therefore to answer 
to the moja of Soutii America. 

(h) Axum-Stone, Alum Rock (Tolfa). ) Is the namo driven to 

Ai ^AUKgr mw, Alavufsus, Toufa* iGerm,) { a certain argilo-tra- 
ALOTiTE w L4 TOLFA. (Ft,) ^ > chytic tufa, Containing 

alum, occurring at Bereghsacz, in Hungary, and at La Tolfa, 
in Italy, &c. But much of what has received this name is 
probably only decomposed trach3r1ic rock, and therefore not a 
genuine tufa. 

(i) &090UTB-TUFA, and OoN-v Fragments or pebbles of pho- 

GLOMERATE. ' Tiolite are united to-rether by 

Fhomouttuvf and Coi«olomerat. L an afrrrrop^ate compound of 

Tup^^SS)liTn!QrE. CoNOLOMtoAT ^^^^ particlcs, and of earthy 
PHONoiJTHiguK. {t'r.) ' to compact texture, sometimes 

containing sanidine, hornblende, augite, &c. It is found, e.g., 
in Hogau and at the southern foot of the Krz<j^( hirge. 

(B) TUFF FORMATIONS OF PLUTONIC IIOCKS. * 

{k) PoRrHYRT-TUFF, or Felsite-tu^F \ Souietinies called clay- 
(Felspathic Ash), Jukes, stone ; a couipuct ag- 

FouFBTBsruFF odw FkURTUFF. {Gmn.) greffate of felsitic parts, 
ToF K«PHTB]»)in <m Fu^^tB. (/y.) j S,mewhat decomposed, 

fracture earthy, often Tsriegated in colour, seldom distmctly 
stratified, but sometimes containing fossil plants, especially 

trunks of trees. At Chei^niitz, in Saxony, where this tufa occurs 
as the lowest member of the Rothliegende, it is supposed to 
belong Xjo the quartz-porph^'ries of that district, it is, bow- 
ever, veiy difficult to distmguish these rocks in themselves 
from ordmaiy claystones, or from certain products of decom- 
position of compact or porphyritic felsitic rooks. 
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PorplnTy-tTiff soniPtimes pnclo5?e8 fragmente and pebWes of 
quartz-porpliyr)', and thereby passes over into a kind of por- 
phyry-breccia or conglouierate. At Floha, in Saxony, tnere 
occurs a porphyry-breccia of this descriptiou, the matrix con- 
sisting of crystalline narticles of felspar. 
(0 QBsmmm-TjjYFf and GBxsNBioiix-ooireLo- 

KSBATB (GrbENSTOXS-ASH). 

G Rtb;RTKivm=T nnd Gnf NSTRrNfOKnT-OMEnAT. ((7f>rm.) 

TUF DlUiUTiyUE et Co.NGLAJMKiUT DIOIU IHJV K, {Fr.) J -jj^.^ partlcleS of 

greenstone ; fracture earthy ; colour prrey or brf^Vk iiish-ri'reen, 
sometimes enclosing fragments or pebbles of greenstone, and 
frec^ueutly organic remains. 

At Plaubchwitz, in Saxon \, ^i*een8tone-tufa is imbedded 
between strata of grey wack^ Bute, and containa man^ foeiBUfl of 
tiie DeTonian fonnation. Probably much of wbat in Nasaau 
baa been called schalstein belongs to greenstone-tufa. On 
account of the indistinct character attached to the name schal- 
steini we have prefexred to treat it separately. 

In Southern Tyrol, in theFassa district, Von Richthofen 

hiLs hitely made distinctious between eruptive tufas, sedi- 
mentary tuffs, and regenerated tuffs, but they all belong 
to augite rocks, and take their geological rank amongst 
the deposits of more recent Trias ibrmations. 

Nmmmm, on Porphyry-tufa, in the Erlauter. a. geogn. Karte 

V. Sachsen, 1838, >Jo. 2, p. 434. 
Grime?', Porphyry-tufa with Mica Crystals in the Dep. of the 

Loire, Ann. do'^ Mines, 1841, [t'P vol. xix. pp. 98 and 122. 
Beudant, Voyage min. et ,£reol. en IJougrie, vol. ii. p. 416. 
V. Oeyuliauseiif on Trass, in the Erlauter. z. geogn. Karte des 

Laachner Sees^ 1847. 
Brongmari has given the name of Breodole to certain basalt* 

tufas of an arenaceous texture, in the M^m. sur lea terr, dee 

sddim. sup. du Vincentin. Paris, 1823. 
JSartorim v. Walfersha7(.9m, on Pala^^onittufF : Die suhmarincn 

Ausbr. des \' al di Noto, 184G, p. 84 ; Skizze von Island, 

1847, p. 76; Vulk. Gest in Sicilieu und Island, 1853, pp. 

179 and 215. 

DanvfHy I'alagonittuif on Chatham Island, in Geol. obs. on the 

vole islands, 1844, p. 98. 
Sandberger, Pala^nittuff at limbuig in Nassau, in GeoL Verh. 

d. Herzgotli. ISassau, 1847, p. 81. 
Girard, Palagonittuff near Montpellier, in v* L. u. Br. Jahrb. 

1853, p. 568. 
V. Richthofen, Geog-n. Beschr. v. Sud-Tyrol, 1861. 
W. Evan, Felsittuli" von Chemnitz Analyse, v. Leonh. u. Br. 

Jahrb. 18ul, p. 643. 
MiUdierfichf uber den Alamiatein, Zeitachr. der geot Gas. 1862, 

p. 253. 
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Appendix, 

Some part at leaat of what has been called schalstein belongs 
to the tufa fonnatioiis ; we therefore propose here to treat of lul 
the rocks to which this name has been aoplied, and we shall 
subjom a few observations on the so-callea laterite. 

43. SCHALSTEIN. 
ScsAXSXBiN. (Germ.) 

So many rocks have been described under this name, 
that we can only say in general that by it is understood a 

laminated rock •interspersed with small particles of calc- 
spar. We must distinguish them according to their 
localities and the authors who have described ^em. 

(A) ScnALSXBDf, or BLATiXBSlBnr-SHALE. )In Nassau. This 

SvHAJsma Oder BLATnnmBDiscHrEFER. (Oerm.) } rock was certainly 
fircf t I recpive tlio name, but it varies greatly in its character. 
The base or inati ix app^^firs here to be a very fine somewhat 
laminated (jjeenbtone-tuia, wliich contains calcspar in grains or 
thin layers of green, fS^^Yt variegated spotted colour. In 
some j^aceSy however^ tms rock partakes of the character of 
hreodfiy or Is por|)h yntic by reason of czystalB of lafaradorite, 
or it is amygdaloidal, or is even penetrated b^ clay-slate and 
chloxite-echist In the Khenish grauwacke district it usually 
occurs in company with greoTi^toTie fdinl>fi'?e) — a circumstanoe 
which confiims its origin as a tuia formation. 

Sandbeiger distinguishes the following varieties of 

schalstein in Nassau: — 

(a) Normal Schalsteix. 

(h) Calcareous ScnALsxEiN, with much calcspar. 

(c) ScnALSTETK-BREcciA, with calcspaT as the cementing medium. 

(d) SCHALSTELN-COKGLOMEBATB. 

(e) SOHAISTBDr-AXTGDALOIB. 

(f) PoRPHTBmc ScHAiBTBiN, with crystsla of lahndorite. 

These are therefore varieties consisting of what under 
other circumstances we should perhaps consider quite 
dissimilar rocks, and which here are only classed together 
because of their occurring together or under similar cir- 
cumstances in the Devonian formation* 

(B) Schalstein, or Calo-trap, which is a pomi what slaty diabase 

or aphanite, containing grains oi ealc.Hpar, ajid therefore may 
be classed among those greenstones (see pp. 148, 150). 

(C) Schalstein op Zbllb, near Nosskn. ) Is only a yariety of 

BCUAI^-I-EIN VON Zkixe hki Nossen, oder ScHAL- I ffl BT-glatefi ft ntaSnilllf 
tfi KLVAHWucHJsa THo.N8(mi£raB. {Germ.) j ^ amygdi? 

loids of calcareous spar. 
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The name of schalstein has been nsed, or abused, for 
many other kinds of rook, and hence we find a tolerably 
rich literature on the subject 

^efermcei, 

SHfjfi, in V. Leonhard's Zeitschr. f. Min. 1825, vol. i. pp. 147 and 
^iiOj also in Geogu. Besclir. d. iierzogth. Aui)i>au, ib^Jl, 
p. 468. 

Oppermmmf BisseTt itber den SdiAlsteiii und KaSktrapp, 1896. 
DoUfus ana Netibatiei% Analyses of Sclialatein in the Jaam, f« 

Prakt Chemie^ 1866, yol. Ixv. p. 1U9. 
EglingeTy Analyses^ in the JKlirouch des Ver. f. Naturk. in 

Nassau, No. 11, p. 20o. 

Mur chiton mid ^Sa ndhvrger^ Transact of the GeoL Soc., second 

series, \ol. vi. p. 249. 
v^Ikchen, in Noggerath*8 Rheinland Westphalen, 1822, yoL ii. 

p. 71 ; and in AzcfaiT f« Miner. Geogn. &c.^ vol ziz. p. 616. 
Hatmnarmf on the Formation of the Harz Moimtaina, 1842, 

p. 23. 

iSandhergerj Ubeis. der geoL Verh. des Herzoffth. I^aasau, 

1847, p. 33. 

Gumprechty in v, L. u. Br. Jahrb. 1842, p. 825. 
Naumann, Erlauter. d. geogn. Karte v. Sachsen, 1836; No. 1, 
p. 60. 

Appendix. 

We shall here append, a rock of somewhat doubtful 
character. 

Laierite. This is the name given by English geologists to 
certain rocks of East India, which in part are red traps, very 
much resembUng brick, but others are the products of the 
decomposition ot cirstalline schists. Upon such uncertain 
data, of course, no definite character can be established for a 
rock. 

OumprecM's Zeitschr. f. Eidkunde, vol. v. p. IGO. 
According to v, JRichthofenf the laterite of Ceylon is decom- 
posed calcareous gneiss : y. Leonhard's Jahrb. 1862, p. 739. 
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CHAPTEK IV. 

BOCKS OF SF£OIAL CHABACTEK OB BEDBim 

Wjb propose under this general head to gather together 
several formations of very yarious character^ but subor- 
dinate extent — ^in point of comparative bulk hardly im- 
portant enough to be considered altogether essential 
ingredients of the earth's crust Several of the rocks we 
have classed under previous heads are likewise compara- 
tively insignificant in point of their extent, but they form 
part of larger connected groups, and so enter into the 
family of the great rock formations of the globe. In this 
cha]iter we have to deal with more separate and discon- 
nected formations, frequently of local character only, and 
which we rather force into groups for the sake of conve- 
nience than in conformity with the nature of their origin, 
which is very various and in many cases doubtful. Some 
are of igneous, some of sedimentary or metamorphic 
origin, but others, in their bedding and composition, differ 
so much from the greater part of the rocks of each of 
those three classes, that we are compelled to regard them, 
for the present at least, as problematical formations, al- 
though we may account for several by supposing a con- 
currence of extraordinary and exceptional circumstances 
at their ^r<t origin or duiing their mutations. 

We have not, therefore, attempted to classify these 
special rocks according to origin; but have arranged 
them somewhat arbitrarily in groups in the followmg 
order : — 

1. Serpentine rocks, 

2. (jarnet rocks. 

3. Greisen and schorl rocks* 

4. Coal and carbonaceous rocks* 
5* Ironstone rocks. 

6* Yarious minerals as rocks. 
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These are rocks, probably, of very Tarious original 

character, but which have all undergone the same special 
transmutation. This process has not been one of increase 
of crystallisation, nor of actual decomposition: it seems to 
have simply consisted in the absor{)tion of magnesia, just 
as we know has happened in the case of many and various 
minerals. These have been conTerted firom their onginai 
state into serpentine^ steatite, or other magnesian com- 
pounds, and are pseudomorphs retaining the form of their 
original crystallisation. 

44. SERPENTINE, OPHIOLITE. 

8ERrEXTiN, Ophiolith. {Oerm.) 
Seepentiwe. (-Fr.) 

A compact rock, dull in fresh frtieture, soft, with greasy 
feel, usuaUy darkrgrem or braum. 
Spec, gray d*6 — 2*7. 

It niay be doubted whether serpentine exists as an 
original and independent mineral ; for the crystals with 
amorplious fracture, which some mineraloo-ists call ser- 
pentine, according to others are nothing more than 
pseudomorphs of chrysolite or some other mineraL If, 
however, the existence of serpentine as an independent 
mineral were established, the question still remains 
whether the rock which we term serpentine is to be re- 
garded as consisting of such mineral, because, although 
its composition is similar, in many cases it may be dis- 
tinctly shown that the rock has been derived by trans- 
mutation from other rocks. We knuw of undoubted 
pseudomorphs of hornblende, felspar, augite, &c., con- 
sisting of a substance bearii]-;" ;it Iciist a very close resem- 
blance to serpentine, and actually so called. We will not 
pursue this mineralogical question further, but proceed 
to the description of the rock. 

Serpentine rock consists of two-thirds silicate of mag- 
nesia combined with 12 — 21 per cent, of water. It also 
contains some protoxide of iron, and tbis, as well as the 
water, enters into combination with the silica, supplanting 
a part of the magnesia ; the proportion of silica varies 
from 38 to 43 per cent. ; the magnesia from 34 to 44 ; 
lime, clay^ manganese, bitumen, and carbon are only 



Digitized by Googh 



SBBP£KTiN£ OBOUP. 



91$ 



present in small quantity. The mass is so soft and trac* 
table, and yet so tough, that it admits of being cut into 
various shapes or turned with the lathe. Its unctuous 

feel is a very characteristic property of serpentine, and is 
caused by the great quantity of magnesia wliieh it con- 
tains. Probably the nuni< r<ms friction surlkees which 
often divide the rock in all directions are also owing to 
the presence of magnesia. These suriaces have a resinous 
lustre and are sometimes striped. The rock is usually of 
a dark-green colour^ but some varieties are light-green, 
grey- green, brown, reddish-brown, or almost black, and 
the rock sometimes presents i^pid alternation of colour, 
causing spots, flames, or vein-like markings. 

The principal mass of serpentine often porphyritically 
encloses manv minerals of various kinds. Tlic most fre- 
quent are j)yrope, or magncsia-G^arnet, sometimes accom- 
panied by talc, less frequendy bronzite, schiller-spar, 
chlorite, mica, magnetic iron-ore, pyrites, mispickel, 
chromic iron-ore, and very rarely (in the Ural) native 
platinum. The quantity of magnetic iron-ore is ex- 
ceptionally so considerable, as to influence the magnetic 
needle ; for instance, in the Fichtel^ebirge, where, how- 
ever, the rock is not a very characteristic serpentine. The 
mass of serpentine rock is frequently penetrated by veins 
consisting of fibrous serpentine (asbestus), chrysotile, 
chlorite, or picrolite. 

Somewhat more rarely there occur veins or nests of 
calcspar, calcareous magnesian spar, magnesite, saponite, 
pyknotrope, dermatine, talc, brucite, vdlknerite, horn- 
blende, strahlstein, quartz, chalcedony, jasper, chrysoprase, 
opal, pyrites, chaloopyrite, chromic iron-ore, magnetic 
iron-ore, and native copper. 

Varieties in Texture, 

(a) GoMHON Compact Sebpentinb, 

DlCHTKR SKRPEmN. (Germ.) 

SKRPENTIN'K OMrACTE. (/'.) 

(6) PoRPHYumc Serpen TINE. ) Oftou with ciyatals of py- 

Poiu'UYWAiiTiOEU SEiti'KNTijj. {Oerm,) \ xope, 
Skupkntqcb fobvhtboIus. (#»•.) ' 

(c) Slaty Skrpentinb. 1 . « , • i ^ 

ScixiKKiiKiKB SKBPBamK. (Germ,) I Of uuperfect tluck cleavage. 
Skkpkntinr mmummm. (/V.) ) 

(d) Veined Sekpexttne. 

BsBPsnsKB BatMaBvoRME, OPBioiinai, Brmtpnim*, < A**) 
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Ina-mucli as all serpentine is probably the product of 
the niotainorphosis of some other rock, it need hardly be 
said that transition states of this metamorphosis are found 
which differ not only from the extreme result of the pro- 
cess of change — the genuine serpentine — but from each 
other. If, however, mis theory of the origin of serpen- 
tine be well founded, we cannot always succeed in deter* 
mining with certainty the character of the original rock ; 
perhaps in these cases the whole of the rock's mass has 
undergone change, and if bordered by other rocks of a 
different character, no trace is left of its original com- 
position. 

Several of the transition states of serpentine hav6 
received specific names. 



(e) FoBXXXBNSiBnr (Oerm,) or TBOtrr-siomSy at Neurode, in Silesia. 
A compact labradorite masSy speckled with spots of serpentine, 
which are frequently of angular fonn, and which Von Rath 
l3^15pvf-5? to have formerly been cfyfltab of labradorite now 

converted into serpentine. 
Renslaerite is the name given by Emmons, in his American 
Geology, 1865, to a serpentine-like rock, somewhat more crys- 
talline ^an ordinaiy scruendne. Its colour ranges from gre;|^ish 
white to gzeen or black. Specific graTity, 2*87 ; oompositlony 
69*2 silica, 82'9 magnesiay $'4 protoxide of iron, 1 lime, and 
only 2 -8 water. 

The name given to a compound of 
schillorspar and serpentine, which goes 
over into onlinary serpentine. It oc- 
curs at the Baste in the Hartz Muimiaind. It has a sei-pentine 
matrix endoein^ crystals of schillerspar of considerable size. 
It also contains labiadorite, augite, mica, cUorite, and pyrites. 

Gocchi proposes that serpentine rocks should be dedgnated 
aoooidingto toe particular rocks frcm which they sprang; e.g. 
diflllftorn-serpentine, diorite-serpentine, granite-serpentine, &C. 
This may be yery advisable where it is possible. 



SciULLEUFKiji. {Uerm.) 



Serpentine for the most part is jointed into irregular, 
massive, or gnarled masses. Exceptionally it is of co- 
lumnar structure, but not unfrequently it shows a kind 
of stratification or tabular jointing. This latter may 
have been occasioned by actual stratification, since ser- 
pentine WAJ well have arisen firom stratified rocks. It is 
most frequently found in irregular and subordinate beds 
between strata of crystalline schistj but it also occurs in 
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uncrystalline rocks both in the massive form and in veins. 

The surface of the Httle round-to{)ped hills which it uiteu 
forms usually shows a very scanty vep^etation. 

In some places, as already said, its transmutation from 
other rocks is very evident, as, for instance, from gabbro 
at Siebenlehn, near Freiberg ; from dykes of granite tra- 
versing serpentine rocks near Bohrigen and Waldheim 
in Saxony, where the main serpentine rock itself is not 
improbably a transmuted granulite ; from chlorite-sehist 
at Zell, in the Fichtelgebirge^ where the change does not 
appear to be yet complete ; and from gneiss (probably), 
or an eklogite rock in the gneiss, at Zoblitz, in the Erz- 
gebirge. The processes and causes of the metauioi pilosis 
of serpentine are douhlless very different to those of the 
crystalline schists. When serpentine occurs in strata ot 
crystalline schist, it is usually of later origm than those, 
and its conversion may have been occasioned by the con- 
tinued infiltration of water, holding magnesia in solution, 
during long periods of time. We are therefore unable to 
class this rock with the crystaUme schists any more than 
we can with the igneous or sedimentary rocks. Ac- 
cording to Jukes, many serpentines are metamorphosed 
magnesian limestone. In the Engadine, a serpentine rock 
has been lately found to contain a considerable proportion 
of phosphate, so that it is proposed to use it as manure. 

Serpentine has been recently discovered by Sir Wil- 
liam Logan in the Laurentian limestones of Canada, 
replacing the remuns of the foraminiferal organism, 
JEozoon Canadense* 

SeheereTy Minefal Serpentine, Poggend. Ann. 1854, vol. xcii. 

p. 287. 

Hmigktony Philos. Mag. 1855, vol. x. p. 263. 

Websky, Krvstallstructur dee SeipentinB, Zeitschr. d. d. geol. 
Gee. 1858; p. 277. 

jT. &mTi/ Huntf on the Serpentines of Canada and their asso- 
ciated Rocks, I^ond. Edin. and Dubl. Phil. Map', vol. xiv. 
p. 388, 1857. Quart. Jour. Geol. Soc. vol. xxi. p. (37. 

V, Math, Forellenstein, Poggend. Ann. vol. zcv. p. 552. 

Coceki, in t. L. u. Br. Jahrb. 1857, p. ($00. 

JSmmons^ in Americ. Joum. of Sc. 1843, toL zIt. p. 122. 

A, Strenr/, Serpentin in Gbtbbro Ton Neniode, t« Leonh. u. Br« 
Jahrb! . p. 257. 

C. W, FuchSf Schillerfela bei Schriestheim, v. lieonh. u. Br. 
Jahrb. 1864, p. 326. 



Digitized by Google 



318 



MI8GELLAKE0US DIVISION. 



GARNET GROUP. 

The one property which these rocks possess in com- 
mon isy that they all contain garnet as an essential, some- 
times a predominant, constitnent. The minerals with 
which the garnet is combined are various, such as am- 
phibole, pyroxene, felspar, mica, dichroite, &c. Garnet 
rocks frequently occur in subordinate masses, often of 
irregular shape and doubtful origin, in strata of crystal** 
line schists, or in granitic rocks. We include in this 
group the following rocks : — Eklogite, Disthenc rock, 
Eulisite, Garnet rock, Kinzigite, and Dichroite rock. 

45. EKLOGITE, OAIPHACITE llOCK, SMA- 
liAGDITE ROCK, DISTHENE ROCK. 

EkLOOII, OMfHAOIIfELS, SMA&A.Gi)IXF£LS, DiSIQEirfELB. 

(Germ.) 

ECLOQITE, Omphazite, JTaiii/. (Fr.) 

A compound of green smaragdite and red garnet* The 
stnaragdite forms a finely crystallised matrix^ usually 
somewhat slaty or fibrous^ in which tlm crystals of 
garnet are porphyritically enclosed. 

This rock, to which llaiiy gave the iiaine of eklogite, is 
usually very firm and coherent, difficult to break with 
the hammer. Its fresh fracture presents a peculiarly 
beautiful appearance, from the red garnets sparkling in a 
Ught-green matrix. Its accessory ingredients cause it to 
vary somewhat in different localities. The beautiful 
eklogites of the district of Munchberg, in the Fichtel- 
gebirge, sometimes contain mica ; more rarely they con- 
tain zoisite or some other variety of epidote, quartz, 
pyrites, and magnetic iron-ore. In the eklogite of the 
Sau-Alp mountain in Styria, zoisite and actinolite are 
almost its predominant constituents, and it contains in 
addition to the crystals of garnet some quartz, corinthine, 
and distil one. On the island of Syra, the common eklo- 
gite is found in layers or strata, alternating with a rock 
consisting of a compound of disthene-garnet and mica of 
a silTery white colour : this latter rock has been termed 
by Virlet disthene rock ; we might, however, with equal 
propriety, call it a variety of eklogite. A rock occurring 
at Haslau, near Eger, which has been sometimes called 
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eklogitej consists prmdpally or in great part of idoerase 
(so-called Egeran). 

Eklogite most frequently occurs irregularly imbedded 
in strata of crystalline schist, as, for instance, at Miinch- 
berg:, in the <?neiss district of that locality. The direction 
of its slaty texture there is in conformity with that of the 
preyailing foliation of the schist, and we may therefore 
doubt whether it should be regarded as a contempora- 
neous formation with the gneissj or as having forced its 
way into the latter at a subsequent period. Owing to its 
greater power of resistance to the decomposing influences 
of the atmosphere^ this rock usually forms prominent 
knolls or rocli^ 

Viriet, m the Bullet de la Soc g^ol. 1833^ yoL iiL p. 201, 

46. EULISITE. 

EuLlsiT. (Germ.) 
EULISITE. ( Fr . ) 

A compound composed of protoxide o f iron, resembling 
olivine, green pyroxene, and brownish-red garneL 

This name was given by A. Erdmann to a rock which 
forms a bed of great thickness in the gneiss at Tunaberg, 
in Sweden. 

Brdmmmy Fdn^ till en geogn. mmeial Beskriflng ofrer 
Tuaahergs Socken^ 1849, p. 11. 

47. GARNET ROCK. 

Gbanatfels. (Germ.) 
Gr£natite, Q^rdier. \^') 

A crystalline granular compound of garnet and horn" 
blende, usually with some magnetic iron^re. 

Sometimes the brown or yellowish garnet (aplome) 

predominates, so that the mass almost entirely consists of 
a granular aggregate of that mineral ; sometimes, again, 
the rock contains many other minerals besides the horn- 
blende and ma<j:netic iron. 

This rock only occurs in subordinate matter ; e. g. in 
the mica-schist on the Teufelastein and Klobenstein^ near 
Schwarzenberg, in Saxony, where it forms small pro- 
jecting rocks. 

CtttOf^ Erlanter. s. geogn. Sarte Ton Saehsen^ No. 2, p. 22o ; 
T. JU iL Br. Jahrh. 1844, p. 41d. 



Digitized by Google 



320 MISCEliLANEOUS DIVISION. 

48. KINZIGITE. 

Enrziarr. (Oerm,) 
EnrzioitB. (IV.) 

. A crystalline compound of hlaek mica^ garnet, oligoclase^ 

somttimes passiny over into the compact state. 

Tills IS a rock which was discovered at Wittichen» at 
the Kinzig in the Black Forest. It was formerly con- 
sidered to be a garnet rock and so desi^ated, but H. 
Fischer pointed out its individual properties^ and gave it 
a separate name. He afterwards found the same rock at 
Gadernheim and Auerbach, in the Odenwald, and certain 
rocks occurring at Bodenmais in Bavaria and at Cabo de 
Gata in Spain are considered by him to be closely allied 
to it. 

In some of the above-named rocks, cordierite, fibro- 
lite^ and mikrocline occur, the last as a substitute for 
oJJgoclase. 

JSacAer, in y. L. u. Br. Jahrhuch, 1800^ p. 796; and 18dl| 
p. 641. 

49, DICHROITE BOCK. 

BiOHBorcrsLS. {€hrm.) 

An irregular compound of felspar, dichroite, garnet, 
and mica {the latter in small quantity) ; Jirm^ dark" 
colour ed^ 

This rock is allied to dichroite-gneiss. It is found (e.g.) 
forming a dyke in the granite of the £rlbachgrund> near 
Kriebstein, in Saxony. 

Naumannf Erlauter. d. geogn. Karte y. Sachsen^ No. 2, p. 13. 

GBEISEN AKD 8CHOBL GBOUP. 

Tlie rocks of this little j^ronp are distingnished by their 
consisting principally of quartz, ii < ( juently impregnated 
-with fine particles of tin-ore^ or else associated with beds 
or veins containing tin-ore. In addition to the quartz, 
there occur in these rocks white mica» chlorite, or schorl 
as essential ingredients, and wolfram, specular iron, and 
topaz as accessories. 

The following are ihe rocks included in this group : — 

. 1. Greisen, a compound of quartz and mica. ^ 
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2» Zwitter rock» consistmg of quartz, chlorite, specular 
iron- and tin-ore. 

3. Schorl rock, a compound of quartz and schorL 

4. Topaz rock, a brecciau variety of schorl rock, with 
topaz, 

50. GEEISEJSr. 

Gbeiben. (Germ) 
HtalohiotB) BrongtUart. (^.) 

A crystalline granular compound of quartz and mica* 
This, therefore, is granite -without felspar, or ^^e may 
say it is the substance of miearschist, without its foliat^ 
texture and conformation. It is of somewhat rare occur- 
rence. It actually passes into granite; that is to 8a;y, 
some felspar, or at least kaolin, occasionally enters into 
its composition. But no tranisitions into mica-schist are 
known ; in other words, it shows no disposition to a fissile 
texture ; it is always distinctly granular (coarse or fine- 
graii^Lcd)* 

The mica of greisen is chiefly lithiannica. Some tin^ 
ore likewise occurs as an accessory ingredient, and the 
rock is frequently penetrated with or associated with 
veins of tin-ore, as at Zinnwald, in the Erzgebirge, where 
this rock occurs very characteristically. Less cbaracter- 
istically it ako occurs near Ober-Pobel, to the west of 
Altenberg. 

Greisen Is of massive structure, without a frace of 
stratification. Its constant association with beds and veins 
of tin-ore, in the f^anite districts of Schlagrprcnwald, Corn- 
wall, &c., and its resemblance to the zwitter, lead us to 
the conclusion that special circumstances have led to its 
formation from gramte by decomposition of its felspar, 
although in the coarse varieties it is difi^cult to conceive 
how and by what substance the felspar has been re])Iaced. 
In this view we might regard greisen but as a variety of 
granite. We have separately classed it and the other 
tin-bearing rocks in a distinct grou]), because they pro- 
bably all owe their peculiar ])iu})erties to special and 
analogous causes, although these have not yet been satis- 
factorily, ascertained. 

T 
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51. ZWITTEB HOCK. 

ZwiTIBBeSSIBIVy SlOCKWIBKBPOBPHTB. (Germ,) 

A darkrgrey aggre^ate^ rich in quartz, texture fine- 
grained to compact ; its other ingredients are not to 

be distinguished by the naked eye. 

By help of the lens, we may recognise in the fine- 
giained mass of this rock subordinate quantities of chlo- 
rite, tin-ore^ arsenical pyrites^ and also some micaceous 
iron combined with the quartet To these the dark colour 
of the rock is probably owing. 

The tin-ore in Altenberg (the only locality where 
the rock is known to occur characteristically) is called 
zwitter, luul the rock therefore was called Zwitter rock 
by the miners there. The unsuitable name of Stock- 
werkspoj'plij/r is another miners' term, given uii<ler the 
erroneous belief that greisen beloncred to the porpiiyries, 
although it has no trace of porphyritic texture. 

The celebrated * pinge' of Altenberg is a large crater- 
like hollow, formed by the falling in of extensive mining 
works in this rock, which is worked for its tin-ore* At 
the margin of this pinge may be observed the gradual 
transition firom fine-grained granite into zwitter rock. The 
giuiilte is first found to be penetrated by numerous and 
very irregular cracks or fissures filled ^vitli quartz, and on 
each side of the quartz there is usually a dark stripe of 
from one quarter to one inch thick and upwards. These 
stripes, on closer iavestigatiou, are found to be zwitter 
rock, containing no felspar, idthough they merge gra- 
dually into the surrounding granite, which is of the com- 
mon kind. The stripes are evidently the result of influences 
proceeding from the fissures, and towards the principal 
mine they become broader and broader, so that very little 
unconverted granite is left between the numerous clefts. At 
length the last remnant of the granite disappears, the whole 
mass having been converted into zwitter rock, in which, 
however, the quartz veins still remain distinctly perceptible. 
It would appear that the transmutation must have been 
caused by some solution or vapour impregnated with tin 
penetrating the granite through its many fissures. 

Dr. Hube has carefully analysed several specimens of 
the unchanged granite, of the dark stripes near the quartz, 
and of the entirely converted. zwitter rock. From these 
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analyses it has appeared that the composition of Ae dark 
stripes and of the genuine zwitter rock were identicaL 
They each contain 3 p. c silica and 2 p. c. potash less 

than the granite. On the other hand, they contain 
4 p. c. protoxide of iron, 2 p. c. ahunina, 0*6 oxide of tin, 
and 0*0 — 1 '0 lime more than the granite. It follows, there- 
fore, that in addition to the ingredients which we have 
above mentioned as being recognisable in the zwitter rock 
it must also contain a silicate of alumina. The pene- 
trating solution appears to have decomposed the felspar 
and mica, and in their stead to have formed micaceous 
iron-ore, chlorite, tin-ore, a silicate of alumina, and also to 
have left a deposit of lime. The potash must have been 
carried away m solution ; the silica was probably concen- 
trated, at least in part, in the cleft of the rock, forming 
the veins of quartz which we now see. 

CottUj in iierg- u. Huttenm. Zeitung, 1860, No. 1, and 1S02, 
p. 74. 

52. SCHOBLACEOUS SCHIST and SCHOBL 

ROCK. 

ScHORLScniii±iiii und Sch(3blfels. (Germ^ 
HTALOTOtmMALiTSS, IktuhrSe, (JR*.) 

A crystalline compound of sclwrl and quartz^ foliated 
or granular to compact. 

The schistose varieties are most prevalent, and we have 
therefore placed them foremost; the compact varieties are 
rare, and in the absence of transition states they are dif- 
ficult of recognition. As accessory ingredients, this rock 

contains mica, chlorite, felspar, tin-ore, arsenical pyrites, 
and exceptionally, in some places, topaz. These schorl 
rocks are (like giiesen) ahnust always accompanied by or 
associated with beds containing tin-ore. The proportioiT 
of silica which they contain is very unequal, and depends 
on the prevalence of their quartz. 

Varieties in Texture, 

(a) ScHORLACEOX78 ScHisT. Tts Romewhat indistinct foliated texture 
is owing to the parallel disposition or distribution of the adcular 
particles of ecnorl. The quartz sometimes forms itself into 
contorted layem qtiite independent of the seliiBtofle textine. 
This rock occurs (e.g.) in suboidiiiate beds, altenkating intk 
mica-scbist at S&benstock, in Smmj^ wheze it is travened by 
Teina of tin-oie. 

T S 
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(d) Topaz "Rock. 

ToPASFEi^, ITCTwr. {Germ.) 
T0PA7>0€diiot» Bnngniort, 

(Fr.) 



(ft) Gkaitttlar Schorl Bock. This is either a tolerably uniform 
compound (fine or coarse-grained^ of schorl and quartz ; or it 
consists principally of quartz, with Rmall Reparate columnar 
particles of schorl, which are frequently broiien. 
(c) Compact Schorl Kock. A blackisn-grey mass, in which the in- 
predienta are too intimatelj blended to be distinguished; as, fcx 
inatancey in the tin mining district of ComwaU* 

Varieties in Composition, 

Hitherto only known at the Schneck- 

•cTistpin, in the Voigtland, where it 
fi>rin8 a dyke of considerable thick- 
• ness in the mica-scliist. The compoBition of the rock is sin- 
gular J large fragments of schorl-schist (containing topaz), with 
quartz, lithomarge, and geodes of topaz, are cemented together 
to a kind of geodic breccia. The rock likewise contains tin- 
ore, apatite, malachite, and azurite as accessories. 

Von Eschwege lui'^ g^i v> n the name of Carvoeira to a quarts 
rock containing schorli found in the Brazils. 

Frdeslebeny Geogn. Arbeiten, vol. iv. p. 1. 

BreSthamatf Faragenesis, in t. Leonbard's Jalurb. 1854, p. 787. ' 

BooBe, Transact, of the GeoL Soc of Comwall, 1832, voL iy. 

pp. 240 and 373. 
Naumann, Erlauter. d. fifeogn. Karte v. Sachsen, No. 2, p. 201. 
Datihree (TTyalotoiinnaulite)| Ann. des Mines, 1841^ 3* sdr. 

ToL XX, p. S4, 

CARBONACEOUS GROUP. 

In these rocks carbon is the principal ingredient. They 
are always of dark colour^ varying between brown and 
black. They are usually, but not always, combustible. 

They are all of organic origin, and for the most part pro- 
ducts of vegetable accumulation ; some (exceptionally) 
perhaps are the result of the accumulation of animal 
matter. The dift'erences now exhibited are doubtless chiefly 
owing to the degree of metamorphosis of the origmal 
organic substance. If we start with this assumption, we 
may dasB these rocks as follows, beginning with those 
whose state is the least changed, and proceeding up to 
those which are most completely metamorphosed : — 

1. Peat — The vegetable substance has undergone litde 
change. We are not authorised to conclude that all coal 
has been formed from peat-mosses. On the contrary, we 
know of much coal which is the undoubted product of 
trunks and leaves of trees, and various other vegetable 
substances. 
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2. Browncoal or Lignite, containing much bitumen, 

3. Common coal (German, Sclxwaxzkohle), containing 
much less bitumen. 

4. Anthracite, containing very little bitumen. 

5. Graphite, without any bitumen, and not combustible. 
Some other diiferences result from foreign admixtures* 
We observe from the above series that the first process 

of change (from the peat to the browncoal) was accom- 
panied by a development of bitumen, vrhich in the subse^ 
quent stages of metamoiphosis has again gradually disap- 
peared) and become lost m all probabtKtyl>y evaporation. 
The relative geological ages of the different coals in 
general correspond with and confirm this view ; and the 
only exceptions of which ^ve are aware are capable of 
explaiiutinn from special local cause^;. We may therefore 
say that the varying proportion of bitumen contained in 
the carbonaceous rocks ftimishes us with a series which 
at the same time is expressive of their geological age» 

In addition to the above, and in some measure the com- 
plement of the series, we have — 

6. Mineral pitch ^including asphalte, elastic bitumen, 
and mineral oil) consisting of the bitumen which has been 
volatilised or distilled from l)ltuniinous coal. It is some- 
times found separately bedded as a distinct rock, some- 
times as an impregnation of other rocks, such as lime- 
stone, shale, &c. 

The following rocks we add by way of appendix to the 
coal group, as bearing an affinity with it m respect of 
their origin, or otherwise. 

7. Bituminous shale (Brandschiefer), an ajrgillaceous 
shale containing very much bitumen, and frequently car- 
bon. Also, 

8. Kohlenhrandffesteine (burnt clay rocks), which are 

not carbonaceous, but are the result oi burning coal upon 
clay rocks. 

9. Guano and coprolite beds. The product of local 
accumulatiuus ut" animal excrement. 

We have already stated that the usual and normal bed- 
ding of the different kinds of coal entirely corresponds 
ith the theory of their origin and of the causes of their 
different composition and structure. The individual ex- 
ceptions only serve to prove the rule; they may all be 
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explained by special circumstances, and when so explained 

are in fact necessary consequences of our assumed theory. 

The followinf» review of the most important coal forma- 
tions will best explain our meaning : — 

PostTeiti* Peat-moMes and beds of 
aiy* ttuf in many places. 

Xertiaiy. Browncoal in North Ger- Anthracite (with basalt) at 

many, Bohemia^ HeMen^ the Meiaaner, in Heasen. 

&c. 

Brownccml containintr little Ordinary pit-coal or * bl.tck 

bitumen near Ilaring^ in coal ' at Silthal| in Trau- 

I^iol (Eocene). aylYanla. 

Chalk pe* Browncoal poor in bitumen Ordinair black coal at 
riod. of the Ctosau fonuatian Rii8zkbeig|in theBaoat. 

in the Alpa. 



Oolite or Bituniinons shale and coal 
Jura pe- of the Jura and Lias for- 
riod, matioiia in Gennaoy and 

England. 



Oriliiiary black coal at 
Fiinfkirchen in Hun- 
^ary, and at Stderdovf 
m itkB Banat 



Trias pe- 
riod. 



Coal pe* 
riod. 



Lettenkohle, an impure 
bro^\^lcoal, contnining 
little bitumen, beloii;_in<r 
to the Keuper foimauou 
in Germany. 

Common black coal of the 
Coal and Culm forma- 
tions in Eu gland; Ger- 
many, and 1* ranee. 



Anihiactte at Schonfeld, 
Zaunhaus and Brandau, 

in the Erztrebirge, in the 
State of Ohio, adjoining 
the poi-phjiy at Waldeu- 
berg, &C. 



Transition AnUiracite in Scotland and 
or Grey- in Iieland, 
w a c k 4 
period. 

Still older. Graphite in the crystalline 
scni^ts at Pafisau in Ba- 
varia, &c 

We see from the foregoing that in every geological 
period in which any sedimentary deposits have taken 
place, there have been accumulations of vegetable matter, 
and that these have (occasionally at least) formed beds. 
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and have afterwards become coal. But it is very remark- 
able that as far as tliose countries whicli liave hitherto 
been geologically explored extend, the principal coal 
formations are confined to two of the jjreat geological 
periods, viz., the Tertiary, to which the browncoals be- 
long, and the Carboniferous. This would be a fact very 
difficult to explain^ if it were proved to be true for the 
whole globe ; bat as only about one-twelfth part of the 
8iir&Ge of the earth has been hitherto explored, we may 
be permitted to doubt whether coal may not yet be founa 
in large quantity in other formations than those at present 
known, hi the interior of Africa, A^sia, and Au»Uaiia, 
and South America, as well as under the ocean, very 
extensive beds of coal may exist, which, together with 
those we already know of the Chalk, Oolite, Trias, and 
transition periods, would fill up all the apparent gaps, and 
furnish as uniform a result with reference to the deposit 
in all ages of material for coal-beds, as of that for any 
other rock. 

According to our present experience, we are authorised 
to beUeve that the de^t of material for coal formation 

has taken place in a similar manner and under like con- 
ditions in every period. We accordingly find a certain 
petrographic uniformity or niutuiil rt lationship in the coals 
of all ages. The coal-beds are ahnost universally found 
interst ratified and alternating^ with beds of argillaceous 
rocks and sandstones, usually of grey colour (never red), 
frequently with spherosiderite, or so-called clay-iron- 
stone (Blackband) very seldom with limestone. The state 
of these argillaceous and arenaceous rocks has undergone 
a change corresponding to that of the coal. Their greater 
compactness, solidity, and their laminated texture, almost 
always correspond with the degree in which the bitumen 
has been expelled from the coai, ur, in other words, with 
the geological age of the latter. 

53. PEAT, TUKF, BOG. 

ToBF, Dabg. (Germ») 
TorBBB. (iV.) 

An axjgregate of vegetable growthy interwoven and more 
or less compressed and deeomposedy of yellow^ brown^ 
or black colour. 
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The plants whoso remains are usually found in peat 
are of marshy origin, and in Germany usually sjjrinf^ 
from Sphafjiinm. The moss is more or less compacted, 
felt-like, or almost compact. Sometimes there are found 
imbedded in it trunks of trees, or their branches, roots» 
leaves^ hard fruits, and the like; some of which have 
undergone little or no change. Besides these vegetable 
ingredients^ peat frequently contains earthy admixtures, 
also red ochre, nodules of ' kieselguhr * (an aggregate of 
fossil infusoria), crystallised gypsum and pyrites, or 
earthy particles of vivianitc. 

The followinjr varieties are sometimes distinsfuished, 
though they cannot be definitely characterised and sepa- 
rated : — 

(a) PBAT-KOflS. \ 

Fttj^- wlcr MOOKTORP. iOerm.) - LoOflS SOd felt-llkd. 

TOL IIBK FTBREUSE. (/V.) J 

(6) HEATH-TimF. 

HAn)h-n)nF. ((Kerm.) 

(c) Geass-turf. 

Easentorf. {Germ.) 

(d) Lbap-turf. 

pAi'iKin'oRr Oder BLixicRTORF. (<7crm.) 

(e) Mud-turf. i Veiy wet, and thereby mud-like. 

(f) PITCH-TT7SF. ] Very compact and solid, the Tege« 

pidtrouF. (Oet^m.) i tabfc matter lumngbeen much com- 
''''SSSsbTT/S? ^""^i FeseedandtranHlSimed. 

Beds of peat and turf are formed or grow before our 
eyes at the present day ; in jnarshy places we may ob- 
serve the mosses springing and growing out of the graves 
of their predecessors. The beds of moss are found of 
great depth as well as extent ; but they are only known 
on the surface of the earth, and as belonging to the most 
recent geological period. The older beds have been con- 
verted into coal more or less bituminous, onlv very ex- 
ceptionally, as, for instance, at Muhlhausen, in Thuringia, 
do we find peat of an older date, covered there by diluvial 
loam, not having lost its original character. 



Jiiferetices. 

Jf 'tqmann, iiber Entstehimg, Bildung, and Wesen dee Torfee, 

18:^7. 

WinldeTy iiber Zuflammensetzung der Tor&orten des Erzge- 
biiges, 1840. • 
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Papius, die Lehre Yom Torf, 1845. 

Kastj die Entifeelninffy Gewinnimg u. Nutning des Torfes^ 1847. 
Chruihttchy Bildimg dee Tcnrfee in den Emsmooeen, 1846. 
Lutteroth, Um^egend von Miihlhausen, 1848, p. 25. 
Gauduif BUuTialtoif bei Biairits, in v. Leonhard'a Jahrb. 1857^ 
p. 84 

54. BROWXCOAL or LIGMTE. 

Brahnkohie imd Lienni. (Germ,) 
LiQNiXE. {ir.) 

A compact or earthy mass, very inflammable, brown or 
black ; streak invariably brown. 

Spec. gtay. 1*2 — 1*5. 

Browncoal essentially differs from ordinary black coal 
in containing a much f^reater proportion of bitumen, 
or the c'U ments which with carbon form bitumen. Hence 
its brown colour and streak, its greater intiammability 
than ordinary coal, and likewise its burning with more 
smoke and smell. Even when very dark-coloured, its 
difference from the ordinary coal may be made to appear 
by boiling its powder with potash-ley, which it will colour 
brown. 

Browncoal contains 55 to 75 p. c. of carbon, with hy- 
drogen, oxygen, and nitrogen, and earthy admixtures in 
very various proportions. Some varieties contain pro- 
portionally little bitumen, and so form transition states 
between brown and black coal. 

The following minerals sometimes occur as accessories : 
— amber, mellite, asphalte, gypsum, calcspar, pyrites, and 
lenticular particles of day-ironstone. 

Varieties in Texture. 



(a) ComkroN Browncoal. 

GEMEIlfS lUCUTB BRAUNKOHI.K, 

SrltcKKOHU. (<7«rii».) 



Compact with dull fractiu-e and 
blown colour. 



(6) EaBTHY iiEOWKCOAL. ) -i i • J * ^ 1 

Brdioe braunkohij, Stretch. L rMij piUTensed to a biown 

KOHLE. (Germ.) | pOwder. 

LlGNTTE TKIUIKUX. {Fr.) ' 

(c) Resinous Browncoal. ] Very compact and dark, ^ akncet 

Pechbraunkohle. {Oerm.) I blsCK. and itS fraCtUTe like 

LlOMITE RiaiMKCZ. {Fr.) J pjj^^ 

(d) Lignite, Bituminous Wood. ] Retaining the texture of the 

Lioxrr, BrruMiNosEs Holz. (Ofrm.) I orij^inal wood fsom which it 
Lmms, BQUiuxEciL {Fr.) j ^lerived. 
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(e) LsAY Coal or Btsomlb. 

BLirrKKKoHLE, PAriKKKO] 



caiifflng a aiinilar effect 

(/) MooB Coal. 

MOORKOHLK, STItKICHKOULE, 
( (r'l'l lll . ) 

LiG2(iTB ricuroBJis. (iV.) 



Lamuiated in eonfleqaenee 

. of its origin ftom leaves of 
tret'8, or of strong preesure 
of ito vegetable particles 



Feltrlike and resembling turi 



Varieties in Compontiotu 

(g\ Common Browncoal. 

(Xj Browncoal with little Bitumen, to which many of tlie hrown- 
coak of the Alps beloug j e.g. the Mola^se coal of Mieebach and 

Tdli, and the Eocene ooals of Harik^ iiitlieTvroL Theirap- 
pearance is vei^ like that of the ordinaiy Uack coal, even the 
powder of their streak is veiy dark, and they only impart a 
weak c5olour to caustic ley. 
(f) iMPrHT; Browxcoal combined with much earthy matter, passing 
over into bituminous slialc. To this class belonjzs, for instauc-e, 
the so-called Lettenkohk in the lowest division of the Xeuper 
formation. 

(A;) Alum Earth. \ An earthy impure browncoal which con- 
AiAuxKitDB. {Ofrm.) I taiufl pyrites: and has a tendency to 
TBucK .i.ujiiHKjaii. I decompose into almn and vitrioL 

Browncoal is frequently found in Tertiary deposits, 
exceptional iy, however, in older ones ; even in the Ter- 
tiary strata it is sometimes found to have been transmuted 
into anthracite by the influence of heat from adjoining and 
more recent isneous rocks; as, for instance, at the Mdssner, 
in Hessen, wnere it is found in contact with basalt, or it 
assumes a character very similar to the ordinary black 
coal, as in many Tertiary browncoal beds of the Alps. 

Browncoal may be clearly proved to have had its ori- 
gin in accumulated remains of plants. Some browncoal 
is the product of the conversion of beds of peat and turf, 
some of more distinctly separate plants and ])arts ot" plants 
washed together by floods. Subjected to pressure, a slow 
chemical change took place in the mass (the formation of 
bitumen). In some places, under special circumstanoes, 
diis change has proceeded more rapidly than ordinary, and 
thus even in Tertiwy stoat, we find it ;>ssmi>iiig a cha^ 
racter approaching to the state of the or^nary black coal. 

It is hardly necessary to instance localities from 
amongst the very many where browncoal is found in 
Germany and elsewhere. 
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R^erences, 

Zincken, Die Bnunkofale und ihre Verwerthtiiig. Hanorer, 

1805. 

Giimbel, Analjsen you Alpenkohlen, t. Leonh. Jahrb. f. Min. 
1864, p. 52, 

55. COMMON COAL, BLACK COAL, or PIT- 

COAL. 

ScHw vKZKOHLE odei StelnjlOHLB. (fiemu) 
HoriLLE. {Fr.) 

A compact black mass, in fresh f racture usually of resinous 
lustre ; streak black, usually friable \ not so iiiflam^ 
mable €ls broumcoal, but, like it, bums with flame, 
smoke, and smelL 

Spea giav. 1*S — ^1*5. 

The substance of coal is principally carbon. It lias let^s 
of the elements of bitumen (oxygen, hydrogen, and ni- 
trogen) than browncoal, but more than anthracite. It 
forms a transition state between browncoal and anthracite, 
and occasionally goes over into each. Like browncoal 
and peat, it contains more or less earthy matter, by 
which its value is depreciated. The following minerals 
occur as accessories in coal : — ^Pyrites, clay-ironstone (in 
nodules or septaria), gypsum and calcspar; frequently 
also clumps of fibrous anthracite, stone-coal (Werner's 
* mineral charcoal ' ), 

J ukes observes : ' In many ordinary coals little flakes 
of mineral charcoal occur, retaining that part of the vege- 
table structure called the vascular tissue. They are 
called "mother of coal" by the colliers, in some places. 
It is frequently seen in the form of a thin silky coating, 
covering some of the surfaces of the coal. Its powder is 
black, and if boiled with caustic ley, it scarcely colours 
the latter/ 

In coal districts a very great number of different kinds 
of coal are distinguished according to their special values 
for use — ' indeed their varieties are often as numerous as 
the different seams of a coal-field, and even the different 
beds of a com]X)und seam are readily distiii<ruished from 
each other by the colliers, who give particular names to 
them ; and even small blocks of these varieties can be 
recognised by them and identified with the seam or part 
of a seam from which they are derived. Neither are 
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these distinctions, which are only to be perceived after 
lon^ practice, uiiimportant, since these varieties have dis- 
tinct qualities; some of them beinij; better adapted to 
smelting, and said to be " good furnace-coal ; " some of 
them to blacksmith's work, or good shop-coal ; " others 
to various uses ; while only a few oomparatively are best 
fitted for domestic purposes^ and are brought to market 
by the coal-merchant. '--JtcAe^* 

* Some idea of the immense yarieties of coal may be 
gained from an inspection of the Admiralty Coal Investi- 
gation (Mem. Geui. Survey, vol. L), as well as from the 
varying qualities of those we are in the habit of usiug 

* daily in our houses. As many as seventy denominations 
of coal are said to be iuiported into London alone. 

' All these minute varieties are commonly included 
under four principal heads: — 1. Caking Coal; 2. Splint 
or Hard Coal; 3. Cherry or Soft Coal; and 4. Cannel 
or Parrot CoaL 

* CeLking Coal is so named from its fuamg or running 
together on the fire so as to form clinkers, requiring fre- 
quent stirring to prevent the whole mass being welded 
together. It breaks commonly into small fragments, with 
a short uneven fracture. The Newcastle coal, and many 
others from ditlerent localities, are caking coals. They 
leave many cinders, and a dark dirty ash. 

' Splint or Hard Coal is well known in the Glasgow 
coal-field* It is not easily broken, nor is it easily kindled, 
though when lighted it affords a dear, lastbg fire. It 
can be got in much larger blocks than the caking coals. 

* Cherry or Soft Coal is an abundant and oeautiful 
variety, velvet black in colour, with a slight admixture of 
grey. It has a splendid or shining resinous lustre, does 
not cake when heated, has a clear shaly fracture, is easily 
frangible, and readily catches fire. It h iu os compara- 
tively few cinders, and its ash is white and light. It 
requires little stirring, and gives out a cheerful fiame and 
heat. The Stafibrd^iire coals principally belong to this 
variety. 

* Cannel or Parrot Coal is called cannel^ from its burn- 
ing with a clear flame like a candle ; and parrot* in Scot" 
land, from its crackling or chattering when burnt* Can- 
nel coal vaiieri much in appearance from a dull earthy to 
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a brilliant; shining^ and waxy lustre. It is always com- 
pact; aad does not soil the fingers. Its fracture is some- 
times shaly, sometimes compact. The bright shining 
varieties often bum away like wood, leaving scarcely any 

cinders and only a little white ash. The duller and more 
earthy kinds leave a white ash, retaining nearly the sanie 
size and shape as the original lumps of coal. Cannel coal 
often takes a good polish, and tan be worked into boxes 
and other articles. Jet is an extreme variety of cannel 
coal in one direction, as batt or carbonaceoua shale is in 
another.' — Jukes. 

In Grermany the yarieties have been thus classed : — 

(a) GsKBim Stedtkohli^ or commcm Black Coal| compact with 

resinous lustre. 

Pechkohxe (or Pitch-coal), compact with rannous lustre. 
Kax^elkohle (Gaoat), Cftnnel roal. 
\d) bcniEFERKonLE, a bituminoua tebale, sometimes composed of 

alternate layers of common coal and anthracite. 
(e) RussKOHLE (Sooty Coal), an earthy yariety. dirty to the touch, 
apparently CGnfluting of a compound <d common coal and 
antinacite. 

The origin of coal as a product of vegetable substances 
is well established. The texture of tiie original plants 
may sometimes be discovered under the microscope. Beds 
of turf or parts of plants accumulated by flood-water have 
furnished the material. Oeinitz has even endeavoured to 
explain the different structure of many coal-beds by the 
differences of their original vegetable substance. At 
Zwickau, in Saxony, and a few other places^ he has dis- 
tinguished the following varieties : — 

(o) FABiTBincoHix (Fenwjoal), formed principally of ferns. To this 
clafis belong the four uppermost flotz of resinous coal (Pech- 
kohle), at Oherhohndon, many coals of Wettini liibejun 

and Ilmenau in Germany. 
(jS) Calamitexkohle (Calamitan Coal). To tin's tlio Russkohle 

of Zwickau belon<?s, also the so-r allod mineral charcoal. It 

is always very aiithracitic and siliceous, 
(y) SiGiLLARiENKpHLE (Sigillarian Coal). To this belong the 

Flanitzflotz, and the deep 'Pechkohle ' near Zwickau. 
(c) SAGENKABiBincoHix (Sagennsrian Coal). To this belong, e.g., 

the older coals of fiainichen and Ebersdorf, m Saxony. 

The following are the principal tjrpical varietieB in 
France^ according to Leplay : — 
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(B) HovnUB XABfiCKALE. 

(C) HoviLLB ftBASSB. (GaklDg coaL) 

(D) Hoi7ni.x lIAieBB. 

Coal ehiofly occurs in separate beds or subordinate 
strata iu the sandstone and argillaceous shale of the Coal 
formation. It occurs, however, with very similar rocks 
in somewhat older and in much younger formations. 
Thus, for instance, at Hainichen in the Kulm formation, 
near Fiinfkircfaen, in Hungary, and Steindorf, in the 
Banat, in the Lias formation ; at Ruszkberg, in the Banat> 
between strata of the Chalk formation ; and in Silthal, in 
the southern boundary of Transylvania, even in Tertiary 
strata. The existence of black coal in these more recent 
formations is to be accounted for by exceptional geological 
circumstances, which have accelerated the process of 
transmutation. The character of the plants themselves 
may also have contributed to this result. We find that 
the remains of Calamites have usually been converted into 
siliceous anthracite ; and it is very possible that the parti- 
cular nature of the original plant^ubstance may have 
affected the character of the coal in many other respects. 
In certain localities again, the eruption of recent igneous 
rocks have occasioned special phenomena of transmuta- 
tion ; as, for instance, at Waldenburg, in Silesia, where 
the porphyries have locally converted ordinary black coal 
into native coke or anthracite. 

Jukes observes : * Microscopical examination exhibits 
not only the vascular, but the cellular tissue of plants in 
the substance of many coals, as was shown by Mr. 
Witham in his work on the structure of fossil plants, and 
by many observers since. All coals have a peculiar 
structure, which bears a slight analogy to crystallisation. 
They break or split, not only along the bedding, but 
across it, along two sets of planes at right angles to the 
bedding and to each other. The smooth clean faces pro- 
duced by one of those cleavage planes are more marked 
and regular than that produced by the other, as may be 
seen by examining any lump of coal. The principal of 
these division planes are called by the colliers the face 
of the coal, t^e other being called the back, or end, of the 
coal. They preserve their parallelism sometimes over 
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very wide areas ; and the mode of working or getting the 
coal, and the direction of the galleries, is governed hj the 
direction of the face. 

^ It is a structure which is probably ihe result of the 
mineralising process undergone in passing from an or-* 
ganic to an inorganic state, and may be likened perhaps 
to the cleavage" of a mineral rather than to either the 
true " slaty cleavage" of rocks, or to their " foliation" or 
"jointing*"' — Jukes, i^. 134. 

Meferences. 

Tenney has contributed immerous analyses to the New York 
_^ Mining Magazine, 1856, p. 15. 

Damony liber die Pflanzenstructur der Steinkohle, in y. L. u. 

Br. Jahrb. 18t>0, p. 571. 
Neioherryj Entstehung d^ Caxinelkohle^ in t. L. ii. Br. Jahrb. 

1858, p. 852. 

Geinitz, Die Versteinerimfren der Strmlvohlpnformation in 
Sachsen, 1865, and Geo^ni. Darst. der Steiukoiilentormation in 
Sachsiiu, 1856. Oeologie der Steinkohlen Europas, Miinchen, 
1865. 

Oikmert, iiber die Bildung der Stelnkohle, im 4. Deel zx. 
Tweede Verzammling von naturkundige Yerhandiingen 
TOQ de HoUandiflche Maatschappij d. Wetensehappen te 

Haarlem. 

V. Leonhard in the deuts. Viertelj alireeschrift, 18.38. . 
Stein^ Uutersiicliung- der Steinkohlen Sachsens, 1857. 
Honald and Jiichardson, Chemical Technology, vol. i. p. 30, &c. 
LotfdZf Mineralien in fossils Brennstofien^ v. Leouh. Jahrb. 
186S, p. 654. 

56- ANTHRACITE. 

AsTTHfiACiT Oder Qlakzkoele. (Oerm,) 
Anthbacitb. (JV.) 

Black with vitreous to half-metallic lustre, friahlei streak 
blacky not easily ignited, and burns almost without 
smoke and smelL 

Spec, grav 1*5 — 1*7. 

Anthracite consists almost entirely of carbon, and con- 
tains very little hydrogen, oxygen, or nitrogen ; that is to 
say, it is almost free from bitumen — a native compact coke. 
It contains earthy admixtures in various quantity, as is 

the case with other coal. It also contains the following 
accessory ingredients : — pyrites, clay-ironstone, gypsum, 
or calcspar in clefts. 

There are scarcely any special varieties of anthracite to 
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describe^ unless we consider as such the transition states 
between anthracite and common coal and the compounds 
of the two with each other. 

Extensive beds of anthracite are only met witli in the 
formations of the Greywacke (transition) and Carboni- 
ferous periutis. Locally, anthracite is sonietinies asso- 
ciated with brfiwTiroal. As a rule, beds of antliracite are 
never met with in tlie Coai formation except in localities 
where it appears to have been exposed to special plutonic 
influences, as at Zaunhaus, Schonfeld, andBrandau in the 
Erzgebirge, Sabl6 and Beaulieu in Mame (France), at 
the Stangen Alp in Styna, at Osnabruck, and in the 
Alleghany Mountains. . The normal position of anthracite 
appears to be in the transition formations. 

We are not aware of any treaii.seii or works specially devoted 
to the subject of anthracite. Much, however, respectiug it will 
be found m those died imder the bead of cobL 

57. GRAPHITE, PLUMBAGO. 

Graphit, (Germ.) 

A greyishMtiek aggregate, consisting of graphite; texture 
varying from flaky to compact; soft, gives a black 
streak {like lead pencit)^ <7^^^y fi^h ^ot ii^ammabUy 

on the contrary capable of resisting fire. 

Spec, grav 1-9— 2*2. 

Graphite or plumbago is carbon in a state nearly pure, 
but differing veiy widely from that of Ihe diamond. As 
a rock, gra])hite contains admixtures of silica, clay, oxide 

of iron, or sometimes small crystalline grains of other 
minerals. By these admixtures its properties are, how- 
ever, only slightly altered. 

Graphito is tlio last member of the series of" transinuta- 
tion of the carbonaceous rocks, and is therefore principally 
(and normally) found in subordinate beds in strata of 
crystalline slate-rocks or as a local admixture in the same 
rocks ; — at Passau in Bavaria, in Bohemia, at Borrow- 
dale in England, &c. It occurs exceptionally in granite, 
and is even found to fill fissures in that and other rocks. 

We might theoretically regard the diamond as a still 
more perfect, that is to say more crystalline and purer 
product of transmutation of the carboniferous series. Its 
(;e( Til rence is however so rare, and so subordinate, that 
we cannot here notice it further. 
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IMntepf Graphite, Calcutta GleaningB of Scienee. Edin. Phil. 

Journ. 1832, vol. xxvi. p. 346. 
Glocl''}\ nrnphit, Erdn! linn's Joum. f. Chem. vol. vi. p. 330, 
JRegti^tiitf Graphite, Ann. dcs Mines, 3e Sor. vol. xii. p. 161. 
Serter, Graphitschiefor niit PHanzemeaten, Zeitsch. (L deut 

geol. Ges. vol. xv. p. 4fj9. 
Bespectmg the localities of the occurrence of Graphite, refer 

to V. L. u. Br. Jahrb. 1833, p. 652 j 1836, p. 695 ; 1838, p. 

427; 1839, p. 448; Joum. d. Phys. vol. xUv. p. 301 ; Cor- 

lespondenzbl. des zool. mineraL Yerems zu Regensburgi 1827> 

p. and 1848^ p. 158, 

58. BITUMEN and MINERAL PITCH. 

BiTFMEX und Erdpech, Asphalt. (G«nn.) 
BixxjitE, Malths^ Asphalie. (Fr,) 

A piteh-iike masB, colour varying from dark-brown to 

blackf softens with heat. 

Sppc. prav. bitumen • • • • • 0*7 — 0*9 
Mineral pitch I'l — 1*2 

This bituminous mass consists of 80*82 carbon^ 9-— 10 
hydrogen, and 8*9 oxygen and niti-ogen. 

Bitumen is veiy seldom found in mass in the interior 
of the earthy but frequently as an accessory admixture in 
calcareous, marly, or ai^illaceous rocks. On the surface 
of the earth it occasionally forms small pitch lakes, as at 
the Dead Sea, and in the island of Trinidad. To this 
class belongs the petroleum, or rock-oil, which in North 
America has been recently found streaming in great 
abundance from the earth. 

The origin of bitumen may be, and probably is, two- 
fold. Bitumen or the gaseous elements of bitumen must 
of necessity be disengaged where bituminous coals un- 
dergo transmutation into coals of a less bituminous cha^ 
racter, or into anthracite. This bitumen may either 
permeate the neighbouring rocks and make them bitu- 
minous, or it may rise to the surface of the earth and 
become a separate deposit of a fluid or semi-fluid sub- 
stance. Again, bitumen wall be formed where\ er animal 
remains — gasteropods, fishes, and the like — have been 
enclosed by stratified beds of rock, and have become 
transmuted. And thus some limestones, marls, or clay- 
rocks may have become bituminous (being converted into 
oil-slate, stankstein, &c.). Or the bitumen contained in ' 

z 
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such rocks xasky, under the iuflueuce of heat or other 
causes, again escape and become deposited elsewhere. 

The occurrence of bitumen in nature, taken in con- 
nection with the animal and vegetable fossils found in 
coal> completes the evidence in support of the established 
view of the origin of coal. 

Mayor's Af^phalt des Val Travers, is tlie only sepa- 

rate treiitise uu bitumen known to ua. Ou rock-oil sprinjars in 
^ North ^Uiierica, vide riUrmanns Mittheilungen, 1861, vol. i v. 

p. 151 ; and K<me'9 Zeitschrift d. JSrdktmde, 1862, toL xiL 
p. 279. 

59. PYROSCHIST(^tf«0> BITUMINOUS SHALE. 

Bbandsohibfbr. (Qerm^ 

ScHiSTX BiTUHiNSXTZ, Mabnoutb, Cofdier, (J^.) 

Is the name given to very bituminous and thereby dark' 
brown or black-roloiired nrf/illaceous shale, which, 
altliouqh it burns in Jire, yet, owing to its containing 
so muck clay, cannot itself be used as JkeL 

These are best classed with the carbonaceous rocks, 
together with which they frequently appear^ and for which 
they have sometimes even been mistaken. Their streak 

is of resinous lustre ; they often contain distinct remains of 
plants or fishes ; sometimes bituineii may be extracted 
from tliem, and they are then sometimes called oil-slate 
(^Oelsehirfer, Germ.; Schiste oleijere, Fr.). 

Bituminous shales of this class are found in Gennany, 
especially in the lower Bothliegende, e.g. at Oschatz, in 
the Lias of WtLrtembur^, and in the chain of the Weser, 
and in the Brown-coal formation at many places. 

SHerryJSunif Bitumen and Biandsdii^r (Pyrosclu8t)| j^limaa 
and Dana's American Jaumal, voL zxzv. p. 157. 

Appendix. 

We may here add the burnt clays and the beds of 
guano or coproHtes. The first because they have ori- 
ginated from the burning of coal-beds, the latter as accu- 
mulations of organic matter. 

60. BuBNT Clats. 

GXBRANiriB ThONE, K0HLEXBRAin>6B8TSiar^ EBnSCHLA.CKXir 
und PORZBLL AN JASPIS. (Crerm,) 

Therhakude, Cordkr, (Ih) I 
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These are local pre k1 nets of tiansmutation from clay 
rocks produced by burning coal-beds. They are too un- 
like in character to adinit of a common definition. We, 
tiierefore, separately describe a few piiucipal varieUes. 

' Hardy and lesembling 
buck-oolour, yellow, 
J brown, or even violet ; 
nevertbelesa, still exhibiting the original laminated texture, 

and impressions of plants of the slate-clay. At Planitz, near 
ZAviekaii, in the Coal formatioUy and at Zittau in Saxony, in 
the lirow^ncoal formation. 



(a) Burnt Argillaceous Shale. 

Gebiiaknit.u SciiiEi'KirrnoN. (Germ.) 

AmiTLK scUlgflKUSE K6ZA>t<>RPHIQL'£. (/V.) 



(6) 



KOCESLAO. 

Sbmchlacu, Koblknbbakb- 



By reason of greater heat the lami- 
nated texture baa been destroyed, 
and a acoriaceous alag^Hke texture 
arisen. Colours similar to the 
burnt argillaceous shale. Found in the same localitiea 
(c) PoRCFLAry Jasper, PorcejIiAHITB. ] The clay ma^s is half vi- 
PoiaBu^.\jA.sris, (Germ.) ■ trefied, porcelain- like, of 

f greasy lustre, peari-grey, 
bluiijh-grcy, la vender- blue, or brown. The same localities. 



61. Guano and other Cop&olits Beds. 

OxjAHO und andere KoPBOiiiKBKiAGXB. (Oerm,) 

These deposits must also be enumerated amongst rocks. 

In some localities they occupy a considerable place in the 
earth's crust. 



(a) Guano. 

GUAMO. (Germ.) 
OuAiro. (Fr,) 



Forms earthy white, grey, or yellowish- 
brown accumnlatinns of yoit disafrn'*';il)k' 
smell. It is chierty known im a deposit 
upon certain rocky islanda of tropical cliniates. It consists 
<£iefly of the excrement of birds, and contains, according to 
Boussdngault^ about 60 — 53 organic matter and ammonia-aalts, 
10 — 20 nboepbate of lime, 3 phosphoric acid, 7 alkali, 1 — 2 silica 
and aaaa, and 15 — 1 0 water. These accumulations attain a depth 
of more than 1(K) fret, and frequently contain many otner 
organic remains of recent date. 

Heferences, 

V. Etzelf in Gumprecht's Zeitscbx. f. Erdkuude, vol. T. pp. 826 

and 425, vol. vi. p. ir)2. 
Behnif in Petermann's Geogn. Mittbeilungen, 1859, p. 173. 
JBcus^MffauU, in Gompt. rend. 18(K), voL H. p. 844; v. L. u. Br. 

Jahrb. 1801, p. 20(3. 
Semdber^, SombreroPhosphat (Guano), v. Leonh. Jahrb. 1864, 

p. 631. 

Jmiarh. Guano verschiedener Lauder, v. Leoub. Jahrb. 1604, 
p. 6(i0. 

95 a 
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{b) CoPROLiTE BlTDfl. ] Oomposofl of oxcromf^nl^ of lisbes, reptiles, 
K.oi'H0UTiiE.\LAoiiH. . auci uiauiuialiu which inhabited caverns, 
«tapm.) J gQj^g portions entirely petrified, but yet 

containing much phosphoric acid. Found in many sedimentary 
stratay alsa in caveniB. 
(c) Black Earth. ] May also be enumerated in this place, 

BcHWARZERDE. TscHOB- I although tho 6 — 0 pcp Cent, of organic 
somu. (Oerm.) J admixtures contained in this black 
chiy<'V earth do not altnrrether a])pear to liave been derived from 
excrement. In Southern Kus^ia this formation covers a irreat 
extent, and lies on the surface of the earth. It attains a maxi- 
mum depth of twenty feet. If subjected to the strong pressure of 
OTerljtng BtFata, it might possibly turn into bitummoos ahale. 

Murthitonf Geology of Bii8a% 1845, p. 547. 
SchnUd, in v. L. u. Br. Jahrb. 1860| p. 350. 
Wanjfenhem v, Quakn^ ibid. 1856, p. 75. 



IBONSTONE GBOUP. 

These are rocks principally consisting of minerals rich 
in iron, so called iron-ores ; these ores contain hydrated 
oxide of iron, peroxide of iron, protoxide of iron, or car- 
bonate of protoxide of iron, and according-ly are re- 
spectively termed brown hematite, red hematite, magnetic 
iron, md spathose or sparry iron. Of these yarieties there 
are many modificationB both of structure and composition. 
We append to this group pea-iron-ore (Bohnerz) a pisi- 
form spherosiderite which consists of a silicate of protoxide 
of iron. 

These different ironstones occur in the form of strata 

or layers, veins or irremilar masses, imbedded between 
other rorks of vnrions freolo^ical antiquity. Tho different 
ironstones thenitielveSj however, have a certain ditterence 
of geological character which may be expressed somewhat 
as follows : — 

Hydrated Oxide of Iron^ or Is sometimes an original formation and 
Brown Hematiite, sometimes a secondary products It 

occurs in the form of layers, yeins, or 
irregular masses in formations or rocks 

of every age. 

PfTO}f'de of .^Ym. Med He- Is in most cases undoubtedly a secon- 
niatite* dary product. It occurs in the form of 

veins, layers, or irregular masses, but 
usually only iu the older formations 
and rociks. 
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■Peroxide and Protoxide of Fonnfl layers, yeins, or irregular maaaes ; 

Iron (combined) or Maff- these only in the crystalline schists 
netic Iron-are* and plutonic igneous roclcs. Fre- 

quently occurs also as an impreg- 
nation in the volcanic rocka. 

Carhonate of Pj-otoxide of As clny-ironstono, it forms layers or 
Iron, (a iSpatJum Iron. concretions*, principally in the Coal 

forniatiouri ; as spathic iron, it forms 
veins and irregular masses in various 
different rocks. 

Pea-iron ore (Bohmrz), Fills cavities and depraesions in lime- 
stones. 



62. BROWN HEMATITE. 

Bra UN EisEN STEIN. (Germ.) 
LnfONiTB, Beudtmt, (Fr,) 

A compact earthy, porous, or fibrous aggrefjate o f brown 
iron'Ore (limomte)^ yeUowishr^rown to black with 
brawn streak. 

Brown hematite consists entirely? or at least essentially, 
of hydrated oxide of iron (jb'e*H3) containing 85*6 per 
cent, oxide of iron and 14*4 water. It sometimes, how- 
ever, contains admixtures of oxide of manganese, siUca, 
clay, or lime. 

Varieties in Texture. 

(a) Compact BEOWTi Hematiie. 

Obmsinsr DIOnTBR BRAUmniENIfl'KUf. iOemi.) 

LiMONiTK ro^fPA<TE. {Fr.) 

(h) Scaly and OcnRv Bkown Iron-ore, Yellow Ochee. 

Erdigeu Bual XKi.<:KNt>TKiy, odcr EisENOcKER. {Germ.) 

OCRK JAUNE. (/>•.) 

(c) FiBRors Brown Ikon-ore, or Glaskopf. ] Occurs only in 

Fasrioer BBAuxEifiK xaTOy , Oder Glaskopf. {Germ.)^ . subordinate 
HaiuisxB BHDia ooNcn&i'ioMKaii n&BKusBt (/^O quantities as 

stalactite. 

(d) Beniporh !boH-OBB. y Rounded coneretiona of brown 

NiEi^EN F.Rz, rbmbbk, Stockxbz. I iron-ore, cldefly found in clay, 
{Germ.)^ j usually occutiing in com- 

bination with 

(c) Pea-ore. \ Made up of globules (ahont the size 

^HNERz. (Gemu) . of peas\ mostlv of concentric .^truc- 

/ ture, imbedded m a mass oi clay, 

iron-ochre, or limestone. 
(/) OoLino Brown Oke. \ Occurs in the form of 

ooijTHificHER BRAuxrrr^r . TKiy. (ffmn,) I lavera in many forma- 



Digitized by Google 



342 



MISCELLANEOUS DIVISION. 



(g) Bog-ore 



F.nz. MoiiA.«rrRRZ, VnxSBitMUZ, Li- 
MiKEiuis nm Mablajb, LmoHink 



Wbicli likewisio differs in the 



mode of its occuirence from 
other Tarieties. It is a porous 
aienaceouB deposit of brown 
unoD-ore on the earth's sur&oey 
mid is created by springs or stagnsat water. IVequently con- 
taios some phosphoric add. 



Varieties in Composition. 

(A) A Variety rich in MAi?aAjrs8S.\ ^. ,^ , 

^ ^ Black Ironstone, ') Jwqijently qmte Uai^, 

Manoakheichkr BnAuxEisKxsTErN, \ thereiore sometimeB called 

scii\vAi;/.i;isBNsrrKiN. {(i<riii.) black izonstone. 

{i) An AiiiiiLLACiious VAKiiiiY Brown or Yellow Clay-iron- 
stone). 

THOXREICirER BlUrS'KISKNSTKnf, THOKKISKSSI KIX. (Gi rm.) 

(k) A Siliceous Variety^ pASSiNe into Baows Febauginovs 

Quartz. 

KlESELllEICHER BRAUN'EISEXKrEIX. ((7e»*»l.) 

All those diffei-ent varieties (with the exception of bog- 
ore, which only occurs on tho surface of the ground) fre- 
quently form subordinate beds or veins filling up clefts in 
other rocks. Sometimes, but more rarely, they form local 
massive and irregular accumulations especially at the con- 
tact of two different rocks (contact formations). 

Bog-ore is formed at the present day as a chemical 
precipitate from water holding salts of iron in solution ; 
this process is occasioned or accompanied by decomposition 
of organic substances. If we suppose similar deposits of 
brown hematite to have taken place in former periods, 
and then to have been covered by other sedimentary 
formations, w^c may easily conceive how in process of 
time the thin compact layers of iron-ore which we find 
imbedded in other strata would have arisen. Sometimes 
brown hematite is evidently a product of transmutation 
from spathic iron, or even magnetic iron-ore. 

63. RED HEMATITE. 

KoTHEISENf^TI'TN. (GeriTu) 

HiiiAiiXB Aoues. (Fr.) 
A compact^ earthy, or Jibrous, or sometimes crystalKne, 
slati/, aggregate of red iron^ore ; colour red to black ; 
streak red. 

Spec, grav 4—6. 

Hed hematite consists entirely or essentially of perojdde 
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of ii'on (70 p. c. iron + SO p. c oxygen), sometimes inti- 
mately combined with oxide of manoranese, silica, or clay* 
Its crystalline state is termed specuiai iron (Eisenglanz), 
or micaceous iron (Eisenglimmer). 



Varieties in Texture, 

Compact. 



{a) Common Red IlEMAii m 

iOenn.) 

HftMATITE EOUGE OOMPACTB. (/V.) 

(b) Earthy Hematite, or Red i Boy-M oTCD. 

(e) Fibrous PIematite, Ueddle. 

FaSRKJER ROTHEISEXKiKLN, KOTHEL odeT KOTlDill GlABKOPt. {OtTm.) 
HfiMATTTE BOITOB TIBKRUSE. 

(d) Oolitic Hematite, or FERRUODfors Oolite. 

OouTHiacH&& EoTBiOiiENsmNt odeac EifiEKOOLTra. {Germ.) 

HiMAim BOueB ooutbiqtjb. (A-.) . x> i* i • 

(e\ Micaceous Ibow-schmt. • ) Consisting of a schis- 

BiHEXGLiMMERscHiEFER. (Oerm.) . tose aggregate of miea- 

Fer ougiste fccAxixEux ou MicACft. (/V.) ceous iFon, e.y". on the 

Gorgeleu in Marmaros, in Himgan% where it is imbedded 
between strata oi" chlorite-sckist and limestone. 



(f) Specular Ikon. 

EisENGULKzoanrBDV. (Cftrm.) 

FBB SP&CULAXAB. (iV.) 



As rock, an aggregate of specular 
■ iron (iron-glance) , usually combined 
with some quartz. Of rare occur- 
xenoe as a rock ^ e.g. on the Island of Elba, and at Picton-nob, 
in North Amenca. 

Varieties in Composition, 

(jff) A Variety rich in Mai^qANESE f Whence its black 

(Black Hematite). 
Manganrkichkb B o T umMM gnay (Sobwabc* 

KIBEN'.'-TKTX). (Germ.) 
HfiMATTFE MANOANfeSIFfeRB. (Fr.) 

(h) Red Clay-ironstone, Red Ochkb. ^ 

thonreicrer rotheisenstbin <Taa«r« V An arnUaceoiis variety. 

JQSBNKTEIN). (Germ,) I 
OORB BCNTOE. (Fr.) ' 

(•) SnJCBous HEMAnm 

Passing into red femiginoiis quartz. 



colour ; sometimes 
called black hematite 
(Schwarzeisenstein) . 



XnBBLREICHER ROTHBlBBr* 
8TEIN. (Germ.) 

HSllATTTB ROUGE SnJCEUSB 
(JASPOlDB), (Fr.) 



Qi) Itabiriie. ] A compound of specular iron, micaceous 

iTABnar. {Germ.} I iron, magnetic iron-ore, and some quarts ; 
XTAsiBim (Fr.) j granular, schistose, or compact As acces- 
sories, it contains talc, chlorite, actanoHte, and native gold. 
Found at Itabira, in Brazil (v. Eschwege, ' Brasilien '). 
(l) TopANHOACANQA (AIooRSHEAD Rock). This rock consists of 
angular or somewhat r iniided fragrnients of specular iron, mi- 
caceous iron, and magnetic iron-ore, cenieuted together by a 
ferruginous compound. Sometimes it also contains fragments 
of quartz, itacolumite, clav-slate. &c., rarely also, grains of 
native gold. At Itabiia, Villa Rica, and Marianna, in Brazil, 
it forms a crust ou the surface of the ground of from four to 
twelve feet thick. 
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Most of the aboye-mentioned yarieties of red hemfttite 
occur in stratifications or yeins, like the brown hematite ; 

and tlicy are also (though more laiely} found irro^iilaily 
ma?!j«ed betweon other rock.s, usual Iv of the transition or 
crystalline schist formatiuns— never those of very recent 
origin. 

\Ve may, perhaps, be justified in regarding the red 
hematites as products of catogenic transmutation from 
brown hematite ; yet it would appear that they have some- 
times been formed from spathic iron under special circum- 
stances. Certain it is from their anhydrous state we may 
safely say that they are never original deposits from 
aqueous solution, although they sometimes contain dis- 
tinct fossils. 

Specular iron, or iron-glance (as a mineral), is some- 
times touiid in the clefts or fissures of volcanoes^ where 
it is a product of sublimation. 

64. MAGNETIC IKONSTONE, MAGNETITE. 

Maoneteisexstein. {Genn^ 

MaonI^xixb, Feb oxTDVLk, Maify and Dufrhwy. (i^.) 

A granular or compact aggregate of magmtic iron-ore ; 
black; streak black; metallic lustre; influences the 
magnetic needle* 

Spec, grav 4 5 — 5*2. 

Pure magnetic iron-ore consists of 69 to 75 per cent, 
peroxide of iron, and 31 to 25 per cent, protoxide of iron 
(therefore it contains about 72 per cent. iron). As a rock 
it occurs mixed with specular iron, chlorite, chromic iron- 
ore, titanic iron-ore, pyrites, chalcopyrite, quartz, horn- 
blende, augite, gametj or felspar, &c. 

Varieties in Texture* 

(a) GaiinTLAB. 

h) COMPAOX. 

(c) ScHisTosB. The foliatLon is occaaioned by admiztuxe of fozeign 
minerals. 

■ 

Varieties in Composition, 

{d) Pure Magnetic Irox-ore. 

{e) Chloritic Magxetic Ironstone. 

(f ) Chromic Ironstone, in which chromic iron predoiuinatea or 

forms the ouly ingredient. 
(^) Gasnshferous Ibonsxone, passing oyer into garnet rock. 
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K) PTBITO-MAOlfrBTIC IROKSTOKB. 

») Catawbirite is the name giyen hy 0. Lieber to a rock found 
by him in South Carolina, occurring there in great abundance. 
It consists of a compound of talc and magnetic iion, intimately 
blended together. 

Magnetic iroiiBtoiie forms subordinate beds or veins in 
the crystalline schists. It is very extensively developed 
at SdJmiedefeld, in the Thnrir.gian Forest, at Arendal in 

Norway, at Danemora in Sweden, as a stratum in the 
clay-slate at Berggieshiibel in Saxony. Chromic iron- 
stone is usually associated with serpentine. 

65. SPATHIC IRON, SIDERITE. 

Spaxheisenstein. (GermJ) 

Feb cabbokat^, jETaUi/ ; Sn>£BOSEy Beudant. (Fr.) 

A granular or compact aggregate of spathic iron ; yel- 
lowish-white, grey, or yellowish-brown; streak white; 
effervesces with acid. 

Spec, gxar, 8*7—8-9. 

Spathic iron is carbonate of protoxide of iron (62 per cent. 

protoxide of iron, and 38 carbonic acid) ; where it occurs 
as a rock it is sometimes mixed with ankerite, calc-spar, 
clay, specular iron, copper pyrites, &c., in small quantities. 

Varieties in Texture. 

(a) GllATfTTLAR, 

(b) Vkry fine- grained. 

(f) Compact Spheroslderite (Ciay- \ So called from its oc- 
ironstonb). I currinff in the form of 

DicHTER spAiBBuuBNtrnuN, SPBAaomwa, [ ^ph^nndal ooncietionB 

BmftBooB coHPAcm (Fr.) ' OT septawa. 

(d) A SHALT TABIETT OV SPHEBOSmSBIZB, OF Ga&BOITIFBBOUS 

Ironstone fBLACTvRAND). 
gGHiETBiGsa &FHAB08U>£Bii, Oder EoQUSKSifiENSisiN. (jQenn.) 

Varieties in Composition. • 

(0) BoHWABD {Germ.), A granular spathic iionBtone, mixed with 
much ankerite or calcspar. 

(/) ABGILLACEOrS Sptterosidebixb, \ 

or Clay Ironstone, ' Also called day carbonate 

THoyRKicuER Spharosidkrit, Oder ( q£ iraa 

TuoXKisExaTKiN. {Germ.) I 
Septa RiA ABoiLEux. (/V.) ' 

(jr) Carbonifbeous Ironstone, Blackband.] Dark-coloured by 

KoHLSKBUKNBiBDr. ifltrm,) \ reason of admixture 

Mm SRAI O8 » DIB HOUXLIW (i>.) J ^ ^^^Uy ^ 

flUiy aphezosiderite or day ironatone (d). 
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This is the black T)«nd of SootUwd. * This natural admixtuie 

of coaly mattor confers on these rock?* tlicir special value, the 
raw stooe hrini^ readily calcined, in fju t igniting and sli\;i-gin«j 
itsstilf withoni the expensive admixture of coal, tus is the case 
with the onliiiiii y clay ironstones and hematites.' — P(u/e. 

Mtuhet makes a distinction between BJackband and Vlaybmid^ 
Berg- iL Huttenm. Zoit. l6t>.i, p. 29o. 

The crystaUine varieties occur as subordinate strata^ 
veins or regular masses^ in the crystalline schists or the 
older sedimentary formations. The compact spherosi- 
derites are most usually found with beds of coal. The 

origin of these stratified beds and irregular masses of 
spathic iron has not hitherto been satisfactorily explained, 
since a carbonate of protoxide of iron could not be de- 
posited under atmospheric influences. Probably the car- 
bonic acid may have supervened at a later period. On 
the other hand, the influence of the air will quickly change 
spathic iron into brown hematite, and hence it is that 
we find the surface of spherosiderite usually coated with 
a brown crust, and many entire beds of brown hematite 
appear to have been formed in this manner. A different 
process of mutation may, perhaps, in some cases, have 
produced red hematite and magnetic iron-ore. 

Appendix* 

66. DiSILTCATE OF PkO TOXTDE OF lilON. 

Ha lhk I KSKLSArKES E18KNOXYDUL. (Germ.) 
Chamoisite (Chamoison, Valais). (-fr.) 

This compound sometimes occurs in the form of pea-iron-ore 
contained in ferruginous clay, together with nodules of jasper, 
as, for instance, at Kand(!m, on the western margin of the 

Schwarzwald in (ieniiiiiiy. 

Ikffher, zui Erklarung der Bohnerzgehilde^ Stuttguiy 1869. 

67. Siliceous Sphehosiderite. 

K1E8ELIGER Spuarosidertt. (Germ.) 
Carbonate de Fi:r siliceux. (Fr.) 

This is a lock, deacribed hy Naomann^ of a peculiar and fine 

arenaceous character, consinting essentially of spherosiderite 
(containing manganese) and siliceous earth or quartz-sand. Tt 
fonn^ a stratum (very rich in fossils) in the Nunimulite forma- 
tion of the Bavarian Alps het-^veen Traimstein and Sonthofen. 

SchafthiiuU, in y, L. u. Br. Jahrhuch^ 16^, p. 604 
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CHAPTER V. 

MINERALS AS ROCKS. 

Wk have in the first three chapters treated of those 
rocks which, by reason of their great extent and volume, 
may be regarded as the principal ingredients of the earth's 
omst. We have seen that they are mostly of compoiind 
character, although some few are essentiaily simple mine- 
ral substances. 

In this place we propose to enumerate those simple 
minerals which appear as local accumulations in different 
parts of the globe, forming essential members of particu- 
lar formations, sometimes as stratified beds, sometimes as 
veins or dykes, or irregular masses ; their volume being 
just sufficient to entitle them to be considered as members 
of the rock family, taking an independent piirt in the 
structure of the solid crust of the earth, although in 
coni[)arison with the other rock-formations which we have 
hitherto treated, their bulk is tor the most part very 
inconsiderable. 

A description of the formation, texture, &c., of these 
mineral rocks will, in most cases, be unnecessary, as tliey 
must be mineralogically determined and recognised. We 
shall, therefore, in eadi case only give the name of the 
mineral, adding some short remarks as to its exceptional 
litholo^ical character. 

68. ICE. 

Eis. (Gmn.'i 
Glacb. (/V.) 

Sometimes compact, sometimes granular, ^brous or lami- 
nated, ^ 

We need not here describe the properties of ice, but it 
is not unimportant to consider the conditions under which 
perpetual ice occurring in large masses forms part of the 
solid crust of the earth. 

The snow which falls in the polar regions, and in 
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mouTitain districts above the snow-line, only partially 

tliiiws in summer; the remainder accumulates year by 
year. The successive falls of snow form a series of super- 
jacent strata, the fleecy mass becomes cunsolidated by 
pressure, and j^rains of ice are formed which unite into a 
stratified granular ice ; this in the Alps is called Jim or 
nh>L The masses of nev^ thus formed glide gradually 
down over the mountain slopes and precipices into the 
ravines and valleys. In the course of their downward 
movement their stratification becomes much contorted 
and otherwise disturbed ; they are» moreover, transformed 
from distinctly granular nev^ into indistinctly granular 
ice, or so-called glaciei*s. 

The glacier continues to glide with a slow movenieut 
down the valley. Its lower extremity, thus arrived in 
warmer regions, thaws more rapidly and equalises the 
accumulation of snow pressing down in fresh masses from 
above. Hence the general extent and size of the glacier 
usually remains much the same, although the individual 
parts are constantly changing their position. By the mo- 
tion of the glacier the traces of original stratification be- 
come more and more contorted and effaced. The glacier, 
moreover, becomes rent with frequent iisaures (crevasses), 
and in these the water arising from occasional thawing 
accumulates and freezes during night or winter into new 
ice, which may l)e distinguished from the genuine glacier 
ice by its more compact structure* 

All these phenomena are very instructive, and afford 
many analogies to other rock formations and transfor- 
mations. From loose accumulations, by means of pressure 
and consolidation, masses are formed which become firmer 
and more solid, and at last tolerably compact. Strata 
are bent, pushed out of place, and overturned. The mass 
is torn by cracks and fissures, which are filled by water 
rendered fluid by heat. This freezes and constructs ice 
veins in ice, somewhat like granite veins in granite, only 
that^these latter were probably filled from below, and 
under a much higher temperature. By a kind of weather- 
ing process even the compact venous ice in its turn be- 
comes granular or separates into thin columnar parts, and 
all these changes take place before our eyes in compara- 
tively short spaces of time. 
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Yeiy similar phenomena occur on a much larger scale 

in the polar regions ; only they are less accessible, and 
therefore more difficult of observation. 

Besides these permanent masses of ice lying on the 
surface of tlie earth, tiiere occur in the northern plains of 
Siberia extensive underground ice strata of great iliick- 
ness, sometimes interstratified with beds of sand, or they 
contain sand mixed with the ice, and occasionally these 
strata are covered with a surface layer of soil, which 
during the short summer of Siberia supports vegetation. 

69. OPAL. 

OpaIn (Germ,) 
Opaul (I)'.) 

As a rock, usually only forms very subordinate masses, 
e.g. the so-called vitrite, which occurs at Meronitz, in 
Bohemia, and contains numerous py ropes. 

If, however, we reckon under the name of opal all the 
various amorphous silicates enumerated by Naumann, we 
find amongst them several very important rocks : — 

Varieties* 

(a) SiLTCBOVS Sinter, or Silicboits Tufp.] Stratified incrustations 

TUF 8ILICEL-X. GKVSKUriK. (/V.) j ^^^^ o£ 

hot sprinfrsin Icelaiifl anfl Kamtschatka, aud, according to Iloch- 
stetter, still more Iret^ueutly in New Zealand. (Novarareise, 
1802, vol. iii. p. ) 

(b) Semi-Opal. ] Forms independent deposits, e. g. at Bilin, 

Halbopal. (Oerm.) in Bohemis ; slso irreguUr fiUings of clefts 
siMi-opALR. ( .) J basaltic rocks, e. g. at Hanau on the 

Maine, in the doleritc. 

(c) Menilite. f Menilite occurs in the Paris basin in clumps 

v£m"* ^?]lv^*^ ■ beds. It is tbuud there in «n p.sum and 
^ (in marl rEocene) ; in Auvergne, in iresk- 
water marl (Miocene). 

(d) PousHTyo Slate, Tripoli. ] Consistsof small shell-shaped 

poLrKscitiFFKn. Sat .is< iiiKKKR, kleb- I parHcles of slUca of a vecimar 

TBi^S^.^'c^rr"'*"^ ^"""^^ I fcrm,onlytohedisting^ed 

^ with the aid of the micRV 

scope, so-calb'd silicenns armour of THatomaronR or Tnfuporia ; 

Nauniann th * rpt"ort! calls it jyiatomeenjulit. Ehrenbero- reckont-d 

that the poUshin<j slat(^ of Biliu in JBohemia coutained in 

a cubic inch 41,000 millions siHceous shells of GaiHonella. 

Each individual Is iuyisible to the naked eye^ so that when 

need for polishing metallic stufaces it ]>roduces only fine in- 

Tieible scratches. Distinction is made in Bohemia between 
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the polirschiefer (soft, friable, not adhering to the ton^e) and 
saugschiefer (adhering to the tongne and more solid, probably 
because it is iniprepnated witb opal substance). Both tffe 
onlv known in very recent deposits ; the older ones have 

?iroli)ably been tifinsmuted into bomsteiu or lydian stone. 
Ehrmbcn/f I'oasil Ini'usoria, Berlin, 1837, and Mikro^eolopie.) 
(e) KiESELQUHR. \ The same substance as polishing slate, 

^sEw>rn^^^^r;^) [ but more dust-like, earthy, generally 
SiSjOTMl^^i/vf) I white or yellow. Found in beds mauy 
' feet thick in the turf deposits at Soos, 
near Franzensbad, Bohemia. The rock called Bandaxite by 
Salvetat belongs to this species ; it consistB of a white powder, 
(v. L. u. Br. Jahrb. 1648, p. 124.) 

70. QUARTZ. 

QUARZ. (Germ.) 
Quartz. (Fr.) 

Occurs as an essential inorredient in many rocks, but it 
also occurs as an inde]>PTi(ient rock in many varieties, 
some of Avhich are of coni?ideral)ie extent. We repeat the 
mention in this place of several quartz rocks which we 
have already noticed and included in other groups. 

Varieties. 

(«) Bock Crystal and Amethyst. ] Sometimes tlie essential 
Bbkqkkyotaij. und AMETsrerr. (Oerm,) [ iiijrredieut of veiiis aud 

(6) Common Quartz. i Forms hidependenthed-YeuM or ine- 

QuARTz coMMUK. (/V.) J gular Diasses. Quartz-schist, see p. 
246, ante ; Quartz -breccia, p. 305 ; Quartz -sandstones (siliceoiw 
sandstono), p. 290. Mill8tone-<]^uartz, freshwater-quartz, or 
leiuoD-quartz, are porous varieties resemblinor chert, which, 
according" to the fossils occasionally found in them, have been 
deposited by fresh water, as, e. g., the celebrated millstones of 
the Paris basin (Quartz meulier). 



(c) FERRueiKoirs Qvariz. 

EiaSNRTESEL. (Genn.) 
QXTAKTZ FERBUOIKEUX. (/V.) 



Yellow, ied*brown, or black ; fonns 
transition states into jasper. Its 
mode of occuraence in nature ia the 

same as that of ordinary quartz. 

(d) IloRNSTONE, Chekt. \ Compact, forms independent beds, 

HoRX»rm^a)Bi^A (Germ.) I veins, and maR"?es. In Germ any 
Ahab biucbdx. iFr,) J name of Ilornfels is dven to 

certain rocks, tbe product of transmutation of aiRillaceous 
deposits, and found adjoininfr to plutonic rocks, to wnich they 
probably owe the change they have undergone. 

(e) Lydian 'Stokb, or LtsiiB; Black] Contains carbon which 

Chert. I pivps it a greyish colour 

KiESELscHiKFER odcT Lydit. [ iucliniu*^ to black • 

QaA». i,Tn». (/»•.) J „,,„„„j,''rtr«tifio,i in thin 

laminro, and hence of a laminated texture; generally pene- 
trated by numerous white veins of quartz; much rent hy 
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angular lissures, sometimes containing lenticular concretions, 
and also sometimes containing lammm of clay-slate. In 
fiflfiureB it contamB wftTeUitei caudte^ Tarisdte^ It occuts with 
tolerable fire<]Laencj as a snlxiidiiiate strntum in day^alate, 
slate-day, or even mica-scliist. 
Jasper. ) Compact, ynriporatcd, frequently striped or 

Jabpis. j- tlainod (ribiuifl-jHfiper, airate-jaspor). Much 

jAsfn. (Fr.) ) ^^.^^ hi^i^ii called jai-^)er which i)ro])erlY belon;^^ 
to the fel.«iti»* rocks, even to the felfitic tuffs. It formB suhoidi- 
nate la} ers imbedded in other rocks, and nodular concretions. 
Jasper may be readily distinguished from petrosilex (which it 
otherwise sometimes resembles) by the fusibility of the latter. 
Of) Ac^Am ] The name ^Ten to oertain combinations of 

AniAT. (Germ.) I chalcedony, carnelian, amethyst, and quartz. 
agatk. (fr.) j Tpiip^p gj.^ many varieties : — banded agate, 
fortification-agate, coral-atrate, &c. It frequently forms Teins or 
fills cavities in other r«)cks. 

\ery similar to horustone, but half amor- 
phous, chiefly yellow, hrown, grey, or 
black. Forms nodules^ and then are fre- 
quently disposed in layers; very fie^^^^ ^•CT* ^ <shalk. 

7L CORUNDUM. 

Kop.rxT) Oder ScnHIRaSL. {OemL) 
COBINDOK. (Fr.) 

Forms fine-drained subordinate layers imbedded in 
crystalline schists^ frequently accompanied by magnetic 
iron-ore. Ochsenkopff, in the Erzgebirge ; Gumuchdagh, 
in Asia Minor ; Kaxos ; Chester^ Massachusetts. 

72. FLUOR-SPAR. 

ELl78B8PAm (Oerm,) 
'Fi»vovmBf Spathkluob. 

Frequently an essential inoredient in metalliferous 
veiihs. A compact aggregate of fluor-spar foriu.N a rock 
at Rottleberode and Strassbeig in the Hartz Mountams, 

73. BOCK-SALT. 

Steins ALz. (Gfrm.) 
Sel oemme. (Fr.) 

Chloride of sodium occurring as a rock is usually crys^ 
talline^grnmilar, white, translucent or transparent^ 
easily soluble in water, and possesses a sedine taste^ 
Spec. grav. 2-1— 2-2. 

Pure chloride of sodium consists of 60 percent, clilonne 
to 40 per cent, sodium. In nature, liowever, it almost 
always contains sulphate of limcj chiohde of calcium^ 
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chloride of magnesium, and other salts : frequently ad- 
mixtures of bitumen, clay, or boraeite. 8:ilt itself some- 
times only forms an ingredient of some clays (Salzthon, 
sah'ferous clay). 

The colour of rockHsalt is variable; it is sometimes 
yellow, red, bluish, or greenish, by reason of small ad* 
mixtures of oxide of iron. 

Varieties. 

(a) GRAIHTLAR H0CK-8ALT. 

KoBxit;i-:s S'lKiNSAra. (Germ.) 
Sel gemmb grantlaikk. (/V*.) 

(b) Sparry Hock- salt. 

BL&TTBIOBg SnoNaAix ((fttm,) 

Sel gkmmb laminaibi (wAXHXQm). (iV.) 

(c) Fibrous Book-salt. 

FABBtoiB BnEtmAUE. (Oerm,) 

Sel oemme fibret x. (Fr.) 

(d) Knistersalz. {(I'erm.) 

(e) Orunsalz, Spxzabalz, Szyblker Salz. (CrVm.) 

Reference. 

The oriprin of the rock-salt of StraR«ifurt, near Mag-deburp, has 
been lately treated iu a mabterly manner by i*'. Uischof, Die 
Steinsalzwerke zu Straflsfor^ lo64 

74. TRONA. 

Trona. (Germ.) 

Sssain-OABBoirATB ds soiani. (Fr.) 

Occurs in Fezzan, in North Africa, forming a rock 
which is even used for building purposes. 

75. ALUNITE, or ALUM STONE. 

Alunit, oder Alaunsxedt, (Germ,) 
Altjjsite, (Fr.) 

Forms a rock in the neighbourhood of Tolfa, near 
Ciyita Vecchia. (See p. 185*) 

76. BARYTES, or HEAVY SPAR. 

Babtt, Oder ScHWEBsrATH. (Oertn.) 
BAvrnKEf ott Spath pxsaki. (Fr.) 

s mineral, which foi'nis an essential part of many 
metaiiiferous veins, was discovered by Von Dechen, as 
constituting a compact rock forming a bed some ten feet 
in thickness, in the clay-slate of Meggen in the Lenne- 
thal* Its colour was dark-grey. 
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KaT8ten*s Arcliiv, 1845, vol. xix. p. 748 ; see also v. Hoinin^ 
fjc)}. \vy\\. (lor naturh. Ver. d. pr. Rheinl. 1856, vol. xiii. p. 
;iOO ; SandberyeTy ^eol. Verb. d. H. Nassau, p. 11 j and Zim^ 
mentiaim, Harxgebirge, 18^ voL i. p. 151. 

77. BORACITE, or STASSFURTITE. 

BoRACiT, SxAssFrRTTT. (Germ.) 
BoKACiii:, STA.s."5FuuriTE. (Fr.) 

Forms irregular layers imbedded in the rock-salt of 
Stasfiirt. 

ZeitBcfar. cL d. geoL Ges. 1856, voL viiL p. 156. 

78. PHOSPHORITE. 

PHOePHOBIT. (Oerm.) 

OhAVZ PH06raA!C£% APATITB. (jF^.) 

Sometimes forms compact spheroidal masses^ or sub- 
ordinate layers^ and even dykes or veins. Kragerde in 
Norway. 

79. CRYOLITE. 

Kryouth. (Girm.) 
Cetolite. (Fr.) 

Forms €oHsi(lernhIo veins in the granitic gneiss at 
Evigtok, in Greenland. (Journ. of Geol. Soc.) 

80. AEAGONITE. 

Akagoxtt. (Germ.) 
ASLXGO^ITE. (Fr.) 

Many so-called calcareous sinters and peastones consist^ 
properly speaking, not of calcspar, but aragonite. (See 
p. 281.) 

81. ANKEBITE. 

ANXfiBITB. 

This is most frequently found iiiixcd in subordinate 
quantities with spathic iron (vide p. 34j, ante); and is 
sometimes found separately as an independent rock. 

82. MAGNESITE. 

MagnESIT. (Germ.) 
Magn^sie CARB02«Axi:£. (Fr.) 

Frequently forms compact masses^ but of subordinate 
size and extent. 

A A 
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83. DIALLOGITE, CABBONATE OF MANGA- 

NESE. 

Manoanspath. (Germ.) 
DiALLOOim (Fr.) 

i i( (juently forms the principal constituent of metal* 
liferoiJU5 yeins, e.g. at Kapnik^ in Hungar)r« 

84. MALACHITE. 

Malachit. {Germ,) 
Malachitb. (Fr.) 

Sometimes forms great clumps or masses in beds of 
copper-ore in Kussia. 

85. TALC, or STEATITE. 

Talk oder Speckstetk. (Germ.) 
Talc ou Sx6atiie. (Fr.) 

Forms independent compact beds, e*g« at 6opfers>6run, 
in the Fichtelgebirge, where it forms a rock which can- 
not be classed as a talc-schist. 

86. MEERSCHAUM. 

Meerscti \r >r. (Gemi.) 

ECU^ DJ£ MER, MauN^SITE. (FV.) 

Forms separate beds in Natolia> Negroponte» Crimea, 
&c. 

87. AGALMATOLIIE, or FIGURE-STONE. 

AftAiiuioLiTH Oder BiLssisnr, (Oerm,) 
Agauiatoliihb. (iV.) 

The principal member of a dyke or vein at Diila, near 
Schenmitz. Also in China. ' 

88. KAOLIN, or PORCELAIN CLAY. 

Kaouk Oder Pobzellaitsbde. (Germ,) 
Eaoldt. (Fr.) 

This is probably everywhere merely a product of the 
decomposition of rocks very rieh in felspar. Aue, in 
Saxony, where it is a decomposed granite. In scune 
places a slight change has converted it into clay. ' 

I 

I 
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89. LITHOMARGE. 

• StOTIUBX, (Germ,) 

Is found in very subordiimte qvantify between other 

rocks. 

90. OBTHOCLASE. 

Obihoklas. (Germ,) 
Qbthosb. (It,) 

Sometimes forms independent djkes and accmnulations, 
e. g. in the granite at Carlsbad. 

91. PYCNITE. 

Pyknit. (Germ.) 
Prdnm (Fr.) 

Forms concretions and dykes in the Zwitter rock, at 
Altenbeigy in Saxony. 

92. EPIDOSITE, or PISTACITE HOCK. 

Epidosit Oder PiSTAZiirELS. (Germ.) 

^PIDOSITE. (Fr.) 

Epidote usually combined with some quartz. A sub- 
ordinate formation in the Island of Elba. 

93. LEPIDOLITE, or LITHIA-MICA. 

LspiDOLiTH Oder LnmoNaLDOiXB. (Oerm.) 
LfipiDOLiiB (Mica A LiiHiirE). (I^.) 

Forms an independent rock of fine-grained and foliated 
texture, e. g. at Kozena^ in Moravia^ 

94. BOCK SOAP. 

BsBGSEiKB. (Oerm.) 
Ftbsbb db Satoxt. (jFV.) 

Occurs in masses of subordinate extent, e.g. at Bilin, 
in Bohemia. 

95. BOLE. 

BOL. (Germ,) 
BOLB. (JFV.) 

Occurs in masses of subordinate size in many limestone 

rocks. 

96. FULLERS' EARTH. 

Walkerde. (Germ.) 
Tebbb a Foulon. 

AA a 
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A substance resembling clay, somewhat greasy^ but not 
in the smallest degree plastic, but falling to pieces in 
water, usually of yellowish green colour ; is probably a 

?ioduGt of tiie decomposition of basic igneous locks. 
iilU in Styria; Nutfield, near Beigate. 

97. FEBBEO-LITHOMABGE. 

ElSENSTEDTMARK. (Gemu) 
TtRATOLim (J^.) 

Occurs in subordinate masses at Zwickau, in Saxony, 

98. YELLOW EARTH, or MELINITE. 

Gelberde. (frerm.) 

Occurs in small accumulations at Amberg, and other 
places. 

99. GALMEY, CARBONATE OF ZINC (in part> 

Galmbi. (Germ.) 

This name is indifferentiij applied to both the principal 
zinc-ores : the silicate of zmc and the carbonate of zinc. 

They occur together, and they form aggregates of con- 
siderable size in the dolomite limestones of Tamowitz, 
Iserlohn, Aix-la-Chapelle, &c. * 

100. RHODONITE (in part), MANGANESE SPAR 

(Bisilicate of Manganese). 
KiB8XL]fAK0Air Oder Mavgahxibsbl. (Germ,) 

BhOBONITB (WoSf&ASkSE BTL10A.T&), (JV.) 

Occurs (e. g.) in subordinate beds at Rosenau, in 
Hungary; Cummington, Massachusetts, U.S. 

101. LIEVEITE, or ILVAITE. 

LiEVRiT. (Germ.) 
Ilvaite. (Fr.) 

Occurs (e.g.) in subordinate beds in the mica-schist of 
the Island of Elba. 

102. MANGANESE-ORES. 

Maxganerze. (Germ.) 
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One or more of these fonn veins of considerable thick- 
ness^ or berls of irregular shape^ at Ilmenau^ Ilfeld^ 
Kleinlinden^ Warwickshire^ &c 

103. BED ZTNC-OKE. 

HoTHZiNKERz. {Germ.) 

MiKERAI KOUGE DE ZiNC (FrAI^KLINITB). {Fr.) 

Combined with Franklinite forms d bed of Terjr con- 
siderable thickness at Franklin, in New Jersey. 

104. GALENA. 

Bleiglaiiz. (6?«m) 
GAiinTE. {Fr.) 

Usually associated with blende and snlphurets ; forms 
Teins of considerable extent and thickness, and occurs 
otherwise in separate beds» 

105. ANTIMONY-GLANCE. 

Akuuoxi^k (i'K) 

Forms yeins of considerable thickness, e. ff. at Magnrka, 

in Hungary. 

106. ARSENICAL PYEITES. 

Arsenkiks. {Germ.) 

PYR1TE8 ABSiNICALES. (Fr,) 

Usually associated with other sulphurets ; occurs in 
separate formations of considerable thickness. 

107. MARCASITE, or HYDROUS PYEITES. 

Markasit odcr Wassebkuss. (fierm,) 
Makcassite. {Ft.) 

Forms subordinate layers imbedded in other rocks, e.g« 
in the Browncoal formation at Littmitz, in Bohemia. 

108. PYRITES. 

ScHWEFBLKixB, Ptbiil (QertfL) 

PXEIXBS. .(^0 

Usually associated with some chalcopyrite ; tosaa beds. 
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veins, or irregular masses of considerable size, e.g. at 
Domokos in TranBylvaniay Kio Tinto in Spain, Schmoll^ 
nitz in Hungary, uoslar at the Hartz, Fahlun in Sweden^ 
Agordo in the Alps* 

109. CINNABAK. 

OlSABBLE, (i'K) 

Occurs but rarely in beds of considerable size or thick- 
nesst e.g. at Almaden in Spain, Idria, California. 

110. SULPHUR. 

ScHWETEL. (Germ.) 
SOUJBB. (Fr.) 

Forms rounded concretions and layers, in marl formar 
tions, e.g. at Badoboj in Croatia, Sicily, Ferticara in 

Umbria. 
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PART III. 

OBSERVATIONS ON THE PROCESSES OF 
ROCK FORMATION IN NATURE, 

The natural processks by which rocks hjive been 
formed and are still in course of formation are partly in- 
dicated in the foregoing pages. The following are those 
known to ub from actual obsenration : — 

L Consolidation of substanc£& f&om a state 
OP lONEOirs rusroN by process or cooling. This 
is the process which all lavas undergo^and by which, pro- 
bably, all igneous rocks have been formed. We must 
assume lliat a first crust of the earth was likewise so 
formed, but we cannot with certainty point to any of the 
rocks remaining to us at the prcbeiit daj ass repreoentiiig 
thib primeval formation. 

2. Deposit op substances from a state of sus- 
pension IN water, and of substances fallen 
through the air. Thus are formed the sedimentary 
rocks^ under which general designation everj kind of de* 
posit is included* 

They may be divided as follows : — 

(a) Mechanical deposits (actual sediments). — To diis 
class belong deposits of mud, sand^ and pebbles of every 
kind, which by process of condengation and cementa- 
tion produce argillaceous shale, clay-slate, limestone, 
sandstone, conglomerate, and other similar rocks. 

From the atmosphere are (h [Halted j)articles of dust 
and sand. These are frec^uently held in a state of 
suspension for a considerable time, and transported by 
the wind to great distances. Volcanoes vomit detached 
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substances or fine particles of dust, which with the aid 
of water ionn volcanic tufas of various kinds. 

{b) Chemical predpitateM from aqueous solutions. — 
By chemical agency many kinds of deposit are formed* 
For instance, calc-tuff» siliceous tuff, bog iron-ore, in- 
crustations of salt^ and many mineral formations in 
clefts and cavities of rocks. The crystalline particles 
of ice which fall from the air in the form of snow may 
be considered as a chemical precipitate. Snow, as 
we have seen, forms the neve and glaciers of high 
mountain rcfrions. 

^f) Zoofjvnic d('i>i>^?f^ are products of animal agency. 
Their massive accuumlation is partly a mechanical pro- 
cess. Thus we have rocks formed entirely of siliceous 
infusoria^ also the chalks, banks of shells, coral*ree&> 
guano and coprolite beds, &c« 

From the condensation of these rocks, homstone, 
lydianHEttone, limestone, &c., may have resulted. 

(d) Phytogenic deposits are such as consist chiefly of 
vegetable substances ; these have either grown in situ, 
or have been was^hed together. From these deposits, by 
procr<s of consolidation and subsequent conversion, the 
different coal fonnations have resulted. 
The above-mentioned processes of rock-formation are 
those which admit of direct observation. There are others 
at whose nature we only arrive by reasoning from the 
results. Such are : — 

3. MeTAMOBPHOSIS, or TBANBMUTATION OF PRE- 
VIOUSLY EXISTING ROCKS. This is a process constantly 
at work — it has even begun to afiect most of the dis- 
tinctly sedimentary rocks. Few of these but have under- 
gone some change. Thus the changes from argillaceous 
mud to shale and then to clay-slate, from sand to sand- 
stone, from loose stones to conglomerate, from calcareous 
silt to limestone, from peat-moss to browncoal, or ordinary 
black coal, Sec, are, properly speaking, ail cases of meta* 
morphosis, although the rocks we have just named are not 
usually termed metamoiphic. That term is reserved 
for the fiirther stages of transmutation, where the change 
is so complete that the first state of the rock can no longer 
be easily or with certainty recognised by mere observa- 
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tion. The genuine metamoq)liic rocks are mica-schist^ 
gneiss, and the other crystalline schists^ whose identity 
with their originals can only be proved by deduction 
from a variety of collateral circumstances. 



The foregoing are the only processes of rock-formation 
known to us by observation, or which can be ascertained 
by deduction from known facts. These processes are, 
however^ undoubted and indisputable, and our chief diffi- 
culty consists in determining in each instance to which 
mode of formation a rock owes its origin* Here many 
difficulties and justifiable doubts present themselves. Let 
us therefore attempt the application of these experiences 
and their consequences to the several groups of rocks 
which we have described in the preceding pages. 



IGNEOUS BOOKS. (EntptkhOeiUme.) 

No unprejudiced observer of geological phenomena can 
doubt that those which we have classed and named as 
igneous rocks were once in a fluid or viscous state^ and 
that whilst in that state they broke through pre-existing 
rocks, overflowed them, and afterwards consolidated. 
Ample proofs of these operations of nature are found in 
the relation of the bedding of the igneous to those of their 
surrounding rocks, the disturbances which they have fre- 
quently (but not invariably) caused in the rocks broken 
through, the fragments of the latter which they enclose^ 
and the veins or branches which thev have thrust into 
those adjoining. These general conditions established, 
there still remain many special phenomena of formation 
to be explained and accounted for, which we propose 
briefly to consider in this place* 

The great mutual resemblance of all igneous rocks 
both chemically and mineralogically bespeaks a like pro- 
cess of formation for all, i.e. they were all forced upAvards 
from the interior towards the surface of the earth in a 
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molten state, like the layas (which are evidentlj igneous 

Ex>duct8) from the aotiTe volcanoes of the present day. 
ut althou^ the composition and mode of occurrence of ill 

these rocks is, generally speaking, of a very uniform cha- 
racter, yet special ditieiences show that a great part of 
those which are now ex{K)sed t<> our view did not orio;inally 
reach the surface and overflow at the time of tlipir up- 
heaval in the manner of genuine lavas, but became solid 
at a considerable depth underground, where they still were 
covered by or imbedded between other rocks; and we 
must assume that their present appearance on the &ce of 
the earth is owing to subsequent destruction and wash- 
ing away of the superincumbent rocks» Hence we dis- 
tinguish between voicanic and plntonic rocks. The vol- 
canic (as we have seen) are those Avhich aie known, or 
su[)]H)sed, to have consolidated at or near the surface ; and 
the plutouic those wliich are presumed to have soHdified 
at a considerable dt'j>th in the interior of the earth. 
There is no definite depth of measurement which we can 
fix as a boundary between these two kinds of formation ; 
the question of such depth must remain a subject for 
entirely speculative estimate. Nor is the division of 
rocks into volcanic and plutonic dependent on their mere 
age, although in most cases it corresponds to a certain 
extent in fact with their relative antiquity, because most 
of the older volcanic fonnations have decayed away and 
disappeared, whilst the newer plutonic fonnations have 
not yet been laid bare, and are tlierefore inaccessible to 
our view. The deeper in the earth that any rock was 
formed, the longer would be {cceteris paribus) the time 
necessary for its denudation ; and therefore the older will 
it be when we meet with it at the surface. 

Recent chemical analysis (as we have already had oc- 
casion to remark) shows a great uniformity of elementary 
composition in aU classes of igneous rocks. We have 
seen that they all consist of silica, aluniiua, peroxide 
or protoxide of iron, lime, magnesia, potash, and soda, 
and frequently soint* water. Their other ingredients 
are but subordinate in quantity, and can only be re- 
garded as accessory ; such are protoxide of manganese, 
titanic add, carbonic acid, phosphoric acid, sulphuric 
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acid, oxide of chromium^ oxide of copper, baryta, lithia, 

sulphur, &c. 

Tlie quantitative proportions of the essential elements 
vary coosiderably in different rocks, but this variation is 
almost as great between different kinds of the same rock 
as between the different rocks themselves ; and no igneous 
lock is of so invariable or marked a chemical character as 
to be distinguishable from the rest by it alotfe. 

Taking the whole range of the igneous rocks, the 
average values of their chemical constituents may be 
stated homewliat h& iuiiowo ; — 

Extreme actual vcUmt* Ideal averts 





60—80 


46 


Alumina . . . . • 


10—25 


16 


Peroxide and Protoxide of Iron 


1—25 


10 




0—15 


6 


Magnesia 


0^12 


6 




0 — ^10 


4 




0— 7 


4 






2 



Where ihe extreme yalues, aa aboTO giTcn, are found 
to be exceeded on the. one side or the other, the excess or 
deficiency appears invariably to have been the result of 

change, decomposition, or some similar process subsequent 
to the formation of the rock, which, therelore, is no 
lon<?er in its original state. 

W e have already indicated the division of the igneous 
rocks, in respect of their chemical composition, into two 
principal groujjs. 

1, Poor in silica, or basic, 

2. Rich in silica, or acidic igneous rocks* 

The distinction between these two groups is deserring 
of considerable attention, for they dso differ to some 
extent both mineralogically and geologically, although 
they cannot be very rigidly separated from each other; 
and certain rocks of each group vary so greatly in their 
composition as actually to graduate into the opposite 
group. .... 

The folloT\ang pro])ortions may be stated as an approxi- 
mate average of the analysis for the two groups : — 
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Baste. Acidic. 

Silica 46-60 55-80 

Alumina 10—25 10—15 

Iron (Peroxide or Protoxide) . 1 — 25 1 — 15 



Lime 1—15 0— 8 

Magnesia 1 — 12 0 — 4 

PotaBh « . . * « 1^9 1—11 

Soda 1—7 2—8 

Water 0—4 0—6 



These two groups nearly correspond Avith the pyroxenic 
and trachytic groups of Bunsen^ for which he calculated 
certain ideal or normal average values of their elementaxy 
constituents** (See Pog^endL Ann. 1851, vol. IzxxiiL^ 
> Without, therefore, being able to fix any very precise 
standard, the distinguishing feature- of the basic rocks is, 
that they contain less silica, more alumina, iron, lime, and 
magnesia, and less alkali than the acidic rocks. Within 
the limits of each group we find no constant differences 
of chemical composition between the several species. 
These only ditier in their mineral development, their 
texture, or the mode and accidents of their occurrence in 
nature. 

We may, therefore, say in general terms that all 
igneous rocks consist of one or other of two compounds 
normally differing in the proportions of tiieir elementary 
constituents, but that several intermediate gradations 

exist between the two extremes. Each of these two 
compuunds lias produced many different species and mo- 
difications of rock which have received different names. 
The difiereuces are partly those of texture, partly of 
mineral composition. The first may in most cases be very 
simply accounted for by the particular circumstances of 



* Btixuieii*8 values of the diffexent elements were as follows:-^ 



^roxmie, Trachytic^ 

SiHca 48-47 76-67 

Alumina and Piotozide of Iron 3016 ' If 23 

Lime 11-87 1-44 

Magnesia 6-89 0*28 

Soda ..... 1-96 320 

Potash 0*65 4*18 



iOO-00 10000 
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cooling* The quicker the cooling process, the more com* 
pact or even idtreoiis the product would be; and the 
slower the process^ the more crystalline and coarse- 
grained would the rock become, inequality in the crys^ 

tallising power of the different ingredients would give a 
porphyritie texture ; parallel arrangement of certain of 
the ingredients would cjivo a slaty or schistose texture ; 
development of n-^^ses during the cooling would give a 
vesicular or slag-iike texture. 

The differences of mineral composition are not great 
In most cases the elementary substances are the same ; 
and the differences of proportion in which they are com- 
bined are so small as to appear unimportant. We are 
unable satisfactorily to explam in any particular case why, 
with differences of composition so trifling, one particular 
species of felspar, of hornblende or pyroxene, or of mica 
was produced rather than another, or why, under ap- 
parently similar conrlitions in another rock, other mi- 
nerals, such as ne|)heiine, leucite, talc, chlorite, &c., were 
formed in their stead* A part only of these differences 
can be traced to have any distinct relation to the quan* 
titative proportions of the chemical composition of the 
whole rock. Other differences consist in the presence of 
various accessory minerals. These we may presume to 
represent a surplus or residuum of certain elementary 
substances remaining; uncombined after the crvstallisation 
of the essential mineral ingredients. Many accessory 
minerals are, however, evidently the result of later pro- 
cesses of transmutation. 

If we disregard the specific but minor differences be- 
tween those similar minerals, which, to a certain extent, 
occur as substitutes for each other in rocks, we find a 
certain correspondence in die mineralogical with tiie che- 
mical phenomena, and that, speaking generally, there are 
two principal kinds of rock essentially differing from each 
other in the aggre^:ate of their mineral composition, 
if only in their normal states of devel()])ment — one a 
basic, and the other an acidic compound. Tliese are again 
subdivided, according to their texture and recognisable 
mineral differences, into rocks of several species, as indi- 
cated in the following tabular statement 
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Qranular 


Porpbyritic 


1 

Compact 


Titreoun, vcsicu- 


Slaty-schistose 
(chiefly meta- 
Morpbic) 


i 


'G-ranite 
iSyenitic- 
granite 
Prot<^iie 
Trachyte 

^.(Greiaen) 


Gmiiitie- 
porpliyry 

Quarto- 
porphyry 

Trachyte- 


Fel»ite rock 
Petzofiilei; 


Pitch^tone 
Pearlstone 
ObeidiaB 
Punioe-stone 


Granulite 

Gneiss 

Protogiae- 

gneisB 
Felsite-schist 
(Hica-flcbicrt) 


Basic hocA's. 1 


'Sypnite 
Diorite 
Diabase 
Ttmaeite 
Bolerite 
Nepheline- 
dolerite 
Oabbro 
Miascite 


Hornblende- 
porphyry 

Mica-por- 
phyry 

Porphyrite 

Aphanito 
porphyry 

Melapiiyrc 


Blelajihyre 

Aphauite 

Basalt 


Vesicular 
rocks and 
amygdaloids 

• 


Hornblende- 
schists 
Chlorite-schist 
TabxNM adust 



As already stated, the mineral diffe^'ences in the ig- 
neous rocks do not appear to have been all original, 
but to have been |)artly produced at a later period by 
process of transmutation. In individual cases this has 
been very well shown to be the fact by Bischof and 
Bose, although both of those distinguished men may, per- 
haps, have gone too far in their hypotheses on this sub- 
ject. The extent to which such transmutations have 
taken place is not yet established by proof, and we 
may say generally that it is impossible to be too cau- 
tious in admitting the process of transmutation as a suffi- 
cient explanation of differences between rocks, unless 
we are willing to be content with mere convenient hypo- 
theses. 

We have already observed that the causes are not yet 
satisfactorily ascertained why, from compounds chemically 
very similar, in one rock orthoclase has resulted, in others 
sanidine, oligoclase, labradonte, anorthite* &c. ; in one 
rock a hornblende, in another a pyroxene. 

The exact causes of these phenomena can never be 
ascertained with certainty. One cause, however, of dif- 
ferent forms of mineral development may be well con- 
ceived, viz. the different depths at which cooling and 
solidification have taken place in rock masses. It cannot 
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be doubted that the conditionB under which subBtances 
have combined to form minerals were very different at a 
depth of 10,000 feet fiom those which preyailed at a 

depth of 10 or 100 feet only from the surface. In the 
former case the masses have been subjected to far higher 
pressure — were shut out from the atmosphere — they were 
probably exposed in some degree to the action of water, 
but their coolinfr must, in masses of equal bulk, have 
been on the average a much slower process than would 
have obtained near the surface. Again, not only the 
depth of the formation, but the geological period of the ^ 
earth's development may hare had considerable influence 
in determining the character of minerals. For if the 
theory is correct that the earth has cooled into a solid 
from a previous molten state, its average temperature in * 
former periods, even at the surface, must have been 
higher, and the atmoH]>liere more dense and heavy than 
at present. Each cooling j)rocess under such circum- 
stances would be slower, and would take ])lace under a 
different degree of pressure than now. Thus we have 
one recognised general cause for the differences we ob- 
serve ; but the definite proof of what its precise effects 
have been under different circumstances is wanting. 

The cause for a division of the igneous rocks into those 
poor in silica and rich in silica remains a great problem 
solution. A priori we should expect to find all 
igneous rocks of the same composition, liuiifecn's theory 
of the existence of two separate volcanic furnaces in the 
interior of the earth is a mere hyjxjtlusis, ^\hich, no 
doubt, might, if it were true, suffice to explain the exist- 
ing differences, but which in itself is very improbable. 
Such furnaces, if they existed at all, must have been in 
existence through all geological time ; in almost every 
part of the elobe they must have been placed side by 
side or one above the other, and yet have remained dis- 
tinct and unmixed. No drcumstance, unless it be the 
very difference which we are endeavouring to explain, 
sf)oaks for such an assum[)tioTi. Even if the cooling and 
solidifying of the fluid mass of the globe should have pro- 
ceeded contemporaneously equally from the centre and 
surface towards a middle plane, as T5nnsen su[)})oses, so 
that at last only an intermediate stratum of fluid matter 
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-will remain between the two, the existence of separate 
basic and acidic basins of lava will not hj this assume 
greater probability. For the present we must confess 
that the cause of the differences between these two chief 
groups of igneous rocks has not yet been satisfactorily 
explained. 

It has been very ingeniously Hu^gtsted that a cause 
might be sought in the ditferent s])ecific gravity of the 
several rock masses, starting with the assumption that in 
the former molten state of the earth tlie ingredients must 

' have arranged themselves in some measure according to 
their specific gravity ; so that the heaviest substances 
would be accumulated towards the centre, and the lighter 
towards the surface. K the cooling process began with 

* the outside of the globe proceeding inwards, then it 
follows that the specifically lighter bodies would first 
attain the solid state, and these we actually find to be 
richest in silica ; and that the heavier bodies, whicli are 
at the same time the most basic, would only cool at a 
later period. This law, it was considered, must prevail 
alike in an incrustation formed under quiet circum- 
stances, as in the case of eruptive rocks necessarily emer- 
ging from a great and ever increasing depth ; so that the 
oldest would be the lightest and most acidic ; the recent 
the heaviest and most basic This theory, which Petz- 
bold (in his Oeohgie^ 1840) pushed to liie utmost ex* 
treme, i. e. to the formation of mineral veins, has been 
lately attempted to be applied in a narrower sense by 
Yon liichthofen (Geol. Ueschreib. von Sud-Tyrol, iHtJl, 
p. 308). It evidently has a great appearance of theo- 
retical probability in its favour. But when we come to 
test this theory by comparison with ascertained facts, we 
at once find it untenable, at least in part, and undoubtedly 
altogether insufficient satisfactorily to explain those facts. 
Every geological age has produced acidic as well as 
basic, speci fically light and specifically heavy, igneous 
rocks. Where syenite and granite occur togedier, it is 
even most usually the case that the basic syenite is older 
than the acidic granite. The basic porphyries in the 
Tliuringian Forest and the Erzgebirge are on the 
average older than the acidic quartz-porphyries which 
belong to the same great period. The trachyte-por- 
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phyries belong to the most acidic and yet frequently to 

the most recent eruptive rocks. According to von 
Richthofen's own investigations, they are, on an average, 
of more recent formation tlian the trachytes, which con- 
tain less silica an<l are also somewhat heavier. Therefore, 
von Richtliofen himself, to support his theory, was com- 
pelled to have recourse to various hypotheses, such as a 
second fusion and new eruption of old igneous rocks, &c., 
which in themselves are neither probable nor sufficient to 
soWe all the difficulties of the case. We have yet to seek 
the true solution of many important problems relating to 
this subject. Nevertheless, we are not of opinion that the 
theory of an arrangement of substances according to their 
specific gravity should he disregarded as entirely un- 
worthy of serious attention. S}>ecific gravity may, and 
probably has had, a certain influence in the first arrange- 
ment of rock masses ; and if we are unable now to trace 
a consistent arrangement deducible from the laws of 
specific gravity, it may be only because those traces have 
to a great extent been subsequently effaced by other cir« 
cumstanees which we have not yet discovered. A primary 
crust formed by cooling and the first sedimentary deposits, 
resulting from the decay of that first crust, may well have 
l)eeri pre-eminently rich in silica ; more especially if at 
the time of those sedimentary deposits animal life had not ' 
begun to act on the calcareous waters, and so cause a 
redeposit of the dissolved lime in large masses. If this 
primary portion of the earth's crust should at a later date 
have been subjected to a second process of fusion under 
high pressure, at a considerable depth, it may have 
become partially eruptive, and have produced recent 
rocks very rich in sifica and of very uniform chemical 
composition. We may, in fact, reasoning from analogy 
to the meteoric stones, which represent to us the small 
planetary bodies of our solar system, believe the aggre- 
gate of the earth's mass to be far more strongly basic 
than that part of it which is oi>ea to our observation. 

Taking into aceount composition^ on the one hand, and 
geological character ^ on the other, we come to distinguish 
four great groups of igneous rocks, which groups are, 
however, not divided from each other by exact bounda* 
ries. Each may be characterised by spme typical rock ; 

B B 
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and each may be also connected with the other groups by 
means of other rocks of intermediate character. We may 
represent these groups somewhat as follows : 

n,^in f Vokame z BtuuHLt 1 Diabase^ Porphyrite, 
iiAsic . .^p^^^^o^ : Diorite J Melaphyie 

ArmTfl J Volcanic : Trachyte l Trachyte-porphyry 
. • : GrauiU J Quartz-poi-phyiy 



or 



ir»TMA«T/« {Basic : Basalt 1 Tracbvdolerite, Andeaite, 
VOLCIWIC . ^ ^^-^^ , Trachyte j Porphyrite 

We must not omit to remark that some considerations 
entitled to attention have been started a^nst the i^eous 

character of certain of the rocks so named, and chiefly 
those whicl\ contain quartz. 

Granite is tlie principal representative of tliese rocks. 
In the case of this rock, so universally spread over the 
surface of the globe, it has been objected that, look- 
ing to the mode in which its essential ingredients, fel- 
spar, quartz, and mica are joined together, and fitted 
one into the other, those minerals could not have been 
formed in the order of their respective degrees of rapidity 
of solidification from a state of fusion, Le. first the 
quartz, then the felspar, and last the mica ; but, on the 
contrary, that it very often appears distinctly that the 
quartz, wliich is the most difficult of fusion, has been 
formed the last. It has been further objected that in 
granite, as well as in many other, even in certain basic 
igneous rocks, there sometimes occur accessory minerals 
whose formation by igneous means can scarcely be con- 
ceived as possible, or at least is contradicted by all 
experience. For instance, pyrites, apatite, pyrocUore, 
carbonate of lime, carbonate of magnesia, protocarbonate 
of iron, &c. These are found side by side with silicates, 
and yet without forming chemical combinations with the 
latter. Finally, it has been objected that many so-called 
igneous rocks contain some water, and according to the 
analyses of Delesse, even small quantities of nitrogen. 
(Ann. des. Mines, 1860, vol. xviii.) 

Now, as regards the first objection — ^the solidification of 
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the quartz Sll]j^t (jucntly to the felspar — Durocher has long 
since sho^vn (Compt. rend. 1845, p. 1275), that in fusing 
the compact rock petrosilex, whose composition is often 
precisely the same as that of granite, the quartz which it 
contains being associated Avith the other ingredients of 
the rock, is quite as readily fusible as felspar alone ; and 
hence we may conclude that upon the cooling of such a 
mass the quartz would not necessarily separate itself from 
the rest of the compound by solidifying sooner than the 
felspar. If this be so, in the case of a granitic mass it 
mio-ht depend on some circunistiince, which for want of a 
better term we may call acclrlent, whether the quartz 
or the felspar shonld first happen to complete the pro- 
cess of its crystallisation, and whichever of those two 
minerals first crystallised would necessarily determine 
the form of the other. Kow the felspar in granite ap- 
pears to have been the first to crystallise, and has deter- 
mined the form of the quartz in many cases, fiunsen has 
lately thrown much light on this question (vide Zeitsch. d. 
geol. Ges. 1861, p. 61); he has shown that the melting 
and solidifying puiiits of a mineral, when taken singly, by 
no means determine those of an intimate compound or 
alloy of such mineral with other mineral or minerals. In 
a letter to Streng, which appeared in the Berggeist 
(1862, p. 1), Bunsen^ in illustration of the same law^ 
adduces instances of aqueous solutions, where heat is ne- 
cessary to the solution. The so-called PattinsorCs pro* 
c^s.s is the result of a similar experience. It is found that 
pure lead crystallises sooner than lead containing a pro- 
portion of silver ; and accordingly when the liquid mass 
of mixed lead and silver is subjected to a process of slow 
cooling, the pure lead congeals fii'st, leaving the richer 
metal still in a fluid state (termed ' mother water'). More- 
over, high pressure and water (cheinicaiiy c(nnbined) may 
have exercised many important modifying inliuences upon 
the process of the formation of the granitic rocks. 

The second suggestion referring to the presence of cer- 
tain minerals as accessory inp'edients in so-called igneous 
rocks which appear incompatible with their igneous origin, 
loses much of its force from our likewise finding s6me of 
the same minerals in genuine lavas, whose origin is un- 
doubted. Moreover, tliuse minerals or substances may 

B B 2 
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not have been actually present in the rocks in question at 

the period of their first formation, but have originated in 
them at a later date. As to the water contained in rocks, 
Scheerer has clearly proved that water forms a basic in- 
gredient of many minerals (e. ir. many kinds of mica), 
entering into combination with silica and other acids in 
precisely the same way as any other basic oxide. Dau- 
br^e has established the same fact synthetically, showing 
that under great pressure at a high degree of temperature, 
water may oe made chemically to combine with mineral 
matter. Whether the very small quantity of nitrogen 
contained in many igneous rocks was there originally, or 
whether it only insinuated itself into them at a later 
period, may, for the present, remain an open question ; all 
minor difficulties like this will probably find a satis- 
factory solution in time. On the other iiand, as reprards 
the carbonates of lime, magnesia, and iron contained in 
igneous rocks, they appear to be invariably the result of 
<£aiige or transmutation subsequent to the formation of 
the rock. Hence we neyer fiud them in very recent layas, 
but only in those igneous rocks which have been long 
and continuously exposed to the action of chemical in- 
fluences, calculated to bring forth those minerals, and 
therefore we find them more frequently in the plutonic 
than the volcanic rocks. Pyrites, magnetic pyrites, chlo- 
rite, and talc, all likiMMse appear to have been the result 
of such transmutations, even if we cannot as yet satis- 
factoiily so explain every single case of the occurrence 
of a particular mineral. These considerations prevent us 
from attaching much weight to the objections raised to 
the igneous origin of granite — an origin which on other 
grounds appears so conclusively established. 

The differences between the volanic and plutonic rocks 
of both 2)rincipal groups, the basic and acidic (althon<xli 
smaller and more filled up by transiticm statcb than 
those between the two groups themselves), deserve a 
full share of our attention, and require some explana- 
tion* We have already more than once adverted to one 
general cause of difference, namely, the unequal condi- 
tions under which the cooling and solidification £rst took 
place,, whether under simple or multiplied atmospheric 
pressure ; and whether on the surface of the globe, or in 
a closed space, where water probably had access. 
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Besides tliese original causes of difference, there are also 
the many changes wliioh appear to have taken place in 
the state as well as cumpusition of all rocks, RiihseiiucTitly 
to their first formation, chiefly no doubt under the in- 
fluence of water and gas penetrating and permeating 
them. 

In the present state of science it is impossible every- 
where separately to specify and define the results of all 
these different causes, ^et we will attempt by contrasting 
the characteristic attributes of the two principal groups 
to present some general views appiica])le to the subject. 

The original differences may shortly be stated as fol- 
lows : — 

In Volcamc Mocks. In Pltdmiic Hocks. 

Prevalent compact, porphy- Prevalent crystalline -granular and 

ritic, vesicnlaT, or vitreous porphyritic, sometimes also ^chistoso 

.states. Seldom or never alaty or slaty texture ; seldom vitreous or 

or scbistoae texture. vesicular. 

Small conteut of water. Greater content of water. 

Seldom cvystolliaed j[uaitB« More frequently crystale of quartz. 

Frequent tufa fonuattone. Seldom tu& fonnationB. 

The (lifrerences occasioned by gradual metamorphosis 
are as follows : — 

In Volcanic JRocks. In Phttonk Hocks* 

There is little or no change. The formation of amygdaloids, by 

the filling up of previously existinpr 
Tcsiciilar cavities with newly-fonned 
minerals. 

The new formation or transforma- 
tion of certein minerals in the in- 
terior of the mass; e.g. pyrites, cajr- 
bonatesy seolitee, apatite, chlorite, 
talCy Berpentinoi 6lq. The ahsorptioiL 
of more water. Deoompofied waeke- 
nitic states; possibly even many 
formations of quartz. 

To sum up these observationB: It appears that in ihe 

present state of science we cannot but regard all Ae so- 
called io-ncous rocks as parts ol' the earth's interior mass, 
thrust out whilst in a state of fusion, without being able 
as yet satisfactorily to explain their division into the two 
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prinripal groups of acidic and basic composition respec- 
tivelvy the minor differences inside of these groups being 
capaole of explanation by the different circumstances 
under which the several rocks attained the solid state or 
by subsequent process of their transmutation. 

In addition to the works cited in the text we will here 
only uotice the foUowiug: — 

DekssCf on the origin of igneous rocka, iii Cumpt. rend. 1859, 
vol. xlviii. p. 055 ; v. L. u. Br. Jahrb. 1859, p. 459 j and Ann. 
d€0 Mines, 1858, vol. xv . p. 459. IMesie distiiigiuflhes between 
Igneous rocks (trachyte^ dolerite), Pseudo-I^eous rocks 
(trap), and Non-Igneous rocks (granite^ dionte, &c.). If 
we wish for extremo precision of nomenclature, the tenn 
Trrneous is altop^etlier inappropriate, even for the volcanic 
rockn, ^vln^h have but conwlidatt'd from a state of liquid 
liisioii, wiihout any fire or burning' in the ordiiuirv accepta- 
tion oi' the word tire. Hence in Germany the Igneous rocks 
aie tanned Eraptiye rocks. One name is as gool A another 
for piactieal purposes, if we do not seek to attach theory 
too closely to nomenclature. 

DaubrSef Sur le M^tamorphisme et sur la Formation dee Roches 
rri^stallinfs, 18(50. 

Hchi^TLT, u itx^r den Astrophyllit und sein Verhaltniss zu Augit 
uitd Glinuuer imd Zirconsyenit nebst Bemerkungen iiber 
die plutonische Entstehung solcher Gebilde, 1864. 

See also CoUfCa Geolo^i^he Fra^en, 1858. The argument 
against tbe igneous ongin of granite whick has been built on 
t£e score of the specific gravily of the quartz falls to the 
ground if we belie Ye that it became solid under high preaanre. 



SEDIMENTABY ROCKS. 

The general character of the processes by which these 
loeks were formed is well known and evident. They are 
deposits of fallen substances, chiefly precipitated from 
water^a small part from the atmosphere. This, their 
origin, is proved in a variety of ways, by their composi- 
tion, their stratification and bedding, and the fossils which 
they enclose. 

A few words as to their composition may not be out of 
place here. 

If the views now prevalent respecting the earth's history 
are correct, the igneous rocks must be regarded as the 
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most ori^nal, or rather the only original formations. 
Should it appear tliat any part of the first crust produced 
by the onginal cooling of the earth's surface remains un- 
disturbed at the present day, it will properly belong to 
the igneous rocks, although not like the other igneous 
rocks, eruptiye. If we take all tlie igneous rocks together, 
we have products of the eruptions of all geological pe- 
riods. To these j)roducts we must, therefore, cliiefly look 
for information as to the nature of the substances con- 
tained in the interior eai th s mass. They may represent 
a part only of that mass^ but they constitute our only 
evidence on the subject. The nucleus of the earth may 
possibly be difierently composed, but we possess no means 
of investigating it. 

In the aggregate composition of the sedimentary rocks, 
which we assume to be but the product of decomposition, 
xe^eporition, and tranemutation of Hie original and fiist 
consolidated igneous rocks, we should expect to find the 
same ingredients as in the igneous rocks, and in somewhat 
similar proportions, llierefore we should look for silica 
as the predominant ingredient, and alumina, oxides of 
iron, lime, magnesia, potash, and soda in smaller quanti- 
ties. We do, indeed, find these to constitute the sub- 
stance of the stratified rocks (although not grouped in 
the same manner as in the igneous rocS^s). We likewise 
find other ingredients such as compounds of carbon, sul- 
phur, and chlorine ; but these we infer have been derived 
from the atmospliere or from water. It is doubtless yery 
difficult to form a sound opinion, whether in point of fact, 
the quantitative pro]>ortiuns of the ingredients we have 
first named are in the acrnrregrate about the same in the 
. sedimentary as in the igneous rocks, since the combina- 
tions are for the most part very different in the two classes. 
In the sedimentary rocks the lime and magnesia have 
united with carbonic acid to form the limestones and 
dolomites, or with sulphuric acid to form gypsum and 
anhydrite; silica has produced (^uartzite rocks and the 
sandstones ; alumina has combined with silica to form 
the argillaceous rocks; oxides of iron, the ironstones 
(iron is also much disseminated in other nu ks) ; potash 
and soda haye become very much distributed amongst 
many kinds of sedimentary rock ; soda, again, has united 
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with muriatic acid to form rock-salt ; carbon ( concentrated 
by process of vegetation) hais tbrnied coal-l>eds. 

At a cui*8ory glance it might appear as if the sedi- 
mentary rocks in the aggregate contained more lime and 
less potash than the igneous. We muBt, however^ re- 
member that some lime is contained in almost all igneous 
rocks (especially the basic rocks), but br no means in M 
sedimentary rocks; again^ that the sulphuric acid and 
water make up a very considerable part of the bulk of 
the limestones, dolomites, and gypsums ; which bulk we 
may mureover easily be led to ovciTate as they are apt 
to stand out very conspicuously and prominently amongst 
the other sedimentary rocks in separate and excep- 
tionally compact masses. Taking all these circumstances 
into account we should probably iind that the proportion 
of lime in the aggregate of the stratified rocks does not 
essentially difier irom that in the aggregate of the imieous 
rocks. As regards the potash we must recollect mat its 
quantity in the igneous rocks only reaches about 4 per 
cent, as an approximate average, that the greater part of 
the sedimentary rocks contain some potash, and several 
a very considerable quantity. Great (|uantities of soda 
have been converted into rock-salt. Wc have, therefore, 
no sufficient reason to doubt that the aggregate ingre- 
dients of the igneous and the sedimentary rocks are 
equally balanced. * 

In we case of all sandstones, stratified conglomerates, 
tuff formations^ compact and slaty arjgillaceous rocks, as 
well as the grM^r part of the mark, limestones, dolo- 
mites, and coals, their sedimentary origin is so appa* 
rent that nobodv will doubt it. The matter is less clear 
in the case of many granular limestones and dolomites, 
also in that of" the massive accumulations of rock-salt and 
gypsum, although the sedimentary origin of these latter 
is now generally admitted. It is most difficult to dis- 
tinguish the sedimentary firom the igneous rocks in those 
cases where the two are found interlying each other in 
parallel beds as sometimes happens, the igneous perhaps 
mdistinctly composite or even somewhat decomposed* 

Whilst we thus find no difficulty in pronouncing on the 
origin of the sedimentary rocks in general, it is somewhat 
difficult to determine what rocks we should reckon as 
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sedimentary, and in what cases we should apply the term 
' metaiiior])hic.* 

The expression * metamorphic * will best serve a useful 
purpose of distinction if it be reserved for cases where a 
root originally sedimentary (according to our previous 
definition) is so essentially changed in its mineral cha- 
racter as not to be capable of recognition without the 
evidence of collateral circumstances to identify it with the 
original formation. From the nature of the case, how- 
ever, no distinct division between the sedimentary and the 
metamorphic rocks is ])()ssil)le ; on the contrary, gradual 
transitions take place I k tin one to the other, and the ex- 
tremes alone are distinctly different in their character. 

There remains much for investigation as to the parti- 
cular cbcumstonces under which the several kinds of sedi- 
mentary rock came to be deposited. 

We cannot lay down any general law applicable to all 
sedimentary rocks as to the conditions under which their 
first deposit took place. The case of each rock has to be 
separately considered wnth reference to its bedding, and 
the organic remains which it contains. The most that we 
can say as a general proposition is, that many of these 
rocks have been deposited by the sea — some on the coasts, 
some at a great distance from the shore ; others have been 
deposited in freshwater lakes by meajis of rivers or springs. 
The greater part consist of matter washed tc^ether by 
floods; some consist of the ejectamenta of volcanoes; 
some are crystalline precipitates, and some are the result 
of processes of animal and vegetable life. 

Nor can we in general terms describe the mechanical 
forces which have acted on the materials of the sedi- 
mentary rocks to fit them for imion, the mode of that 
union, the separation or combination of the chemical 
ingredients, the nature of the substances which have been 
introduced or become changed subsequently to the first 
deposit, the alterations of level which have taken place 
in the beds of those rocks by depression or upheaval, 
&C. All these are of great moment to be determined, 
but they can only be subjects of separate consideration in 
each individual case. 

The oldest rocks which arc capable of being recognised 
at the present day as distinctly sedimentary^ are those of 
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the transition period. Xow as tliese rocks still contain a 
considerable nnnil^er nnd variety of oiganic remains, it is 
reasonal>lo to conclude tliat there have been many of yet 
more ancient date, for, according to the igneous theory of 
the earth's structure there must necessarily have existed 
a long period of time in which deposits took place before 
any organic remains existed. These oldest deposits would 
be the lowest sedimentary formations, and would contain 
few or no fossil remains. It is probable that tbey have 
been changed into, and now form the principal bulk of 
the metamorphic schists. If we would speculate on their 
former probable structure, we should expect their compo- 
sition to have been very uniform, because at the time of 
their deposit there were fewer causes for diffierence in 
rock formation than in later periods; — many of such 
causes having arisen subsequently, such for instance as 
organic life, tiie origin of many calcareous, and all the 
carboniferous strata. Reasoning backwards, if we believe 
the crystalline schists to haye chiefly sprung from the 
oldest sedimentary rocks, we may thus account for their 
very rarely enclosing calcareous or carboniferous beds 
(limestone and graphite). That the composition of these 
eT-ystalline schists shonlfl much resemble that of the first 
igneous rocks, would seem to be but a natural consequence 
. of their transmutation from the earliest sedimentary rocks, 
which themselves were the products of the disintegration 
of those first igneous rocks. But these speculations should 
be indulged in with caution, as they may easily lead us 
too far into the regions of unfounded hypothesis. 

METAMORPmO CRYSTALLINE SCHISTS. 

Notwithstanding what we have had occasion to remaiiL 
in describing the sedimentary rocks, the true interpreta- 
tion of the crystalline schisto remains one of the most 
difficult problems for the geologist^ since the process of 
their formation can only be subject of theory, and not of 
direct observation. 

Various theories as to the nature of their origin have 
been advanced. They have been taken for the original 
deposits of a so-called antediluvian age ; for the first cooled 
igneous products of the earth ; a part for rocks of eruptive 
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character ; and finally for sedimentary rocks very greatly 
changed or transmuted. These different views have been 
put forward at different tiuies, have been more or less 
accepted, but all except the last have been very generally 
abandoned. 

Nobody now holds that the crystalline schists were 
deposited in their present state and condition. A few at 
most may have been formed by the first cooling of the 
earth's crust — perhaps some gneiss districts^ if any such 
can be found entirely free from subordinate interlying 
beds. It is improbable that such origin can ever be satis- 
factorily proved, and it remains for the present at best 
an hypothesis which is possible for certain cases. Some 
gneiss certainly appears to be of igne iis (eruptive) origin, 
but a very large proportion of the known gneiss forma- 
tions admit of no such explanation, nor is it applicable 
to any of the other crystalline schists. From a geological 
point of view we shall therefore do well to consider the 
eruptive gneiss as a schistose variety of granite, and 
every other (for the present at least) as metamorphic. 
Hence, according to ike present state of our scientific 
knowledge, the only explanation left for by far the greater 
part of the crystalline slates is that of transmutation 
from sediuu ntary formations. 

The following are some of the principal reasons which 
appear clearly to speak for such transmutation, without, 
however, giving us certain inibrmation as to the manner 
of the process: — 

1. Those rocks the traces of whose sedimentary origin 
are evident and distinct, present us with numerous series 
of transitions tending towards or rendering possible further 
transitions into crystalline schist, or corresponding with 
the subordinate beds which are found interlying those 
schists. We will give a few instances of such series of 
ti'ansmutation : — ■ 

(a) Clay-mud successively passes into (or becomes) 
arinriliaceous shale, clay-slate, argillaceous mica-scliist, 
and mica-schist. If this be so we should expect in 
the final products of this series of transmutations to 
find indications of the special composition of the dif- 
ferent original clays influencing the character of each 
rock, which accordingly should vary with the varying 
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qiiantltTcs of sand, llino, magnesia, potash, or soda con- 
tained in the original clay. And to such differences of 
original composition we do in fact attribute the different 
varieties of mica-schist, or the formation in its stead of 
meiss, hornblende-schist, chlorite-Bchist, or taloHSchist 
(although the special character of the two latter is pro- 
bably in some measure owing to tiie later accession of 
solutions of magnesia). 

{b) Sand passes into (or becomes) sandstone, quartz- 
ite, quart z-sohist, or itacolnmite, according to the 
character of the substances originally mixed with the 
sand, or which have subsequently come to it. A mica- 
schist rich in quartz, or a gneisF, might also result from 
the transmutation of a sandstone having a copious com- 
bining medium. 

(e) Calcareous mud, consisting of microscopically 
small shells, passes into (or has actually become) chalk; 
chalk (probably by means of pressure) has turned 
to compact limestone. Chalk or compact limestone 
under pressure, by means of a high degree of tem- 
perature, may have been transmuted into granular lime- 
stone, beds of which frequently occur in subordinate 
layers between the strata of crystalline schists. 

(d) Browncoal, coal, anthracite, and graphite have 
without doubt resulted from peat or other vegetable 
accumulations. Anthracite and graphite we again find 
as subordinate formations imbedded between strata of 
crystalline schists. 

{e) Hydrated oxide of iron forms a deposit in the 
form of bog-ore or brown liematite, and these under 
the pressure of thickly overlying masses appear to have 
parted with their water, and become converted into red 
iron-ore, or red hematite. Further, by the absorption 
of one part of oxygen, red iron-ore is converted into 
magnetic iron-ore. The latter is found in subordinate 
layers between beds of crystalline schists. But in each 
of these cases the transmutations are sometimes foiind 
to have been reversed, and other processes have taken 
place which have somewhat complicated ihe actual 
phenomena. 

2. The several kinds of crvstalline schist and their 
diflereut varieties are found imbedded in manifold parallel 
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alternating layers or strata. Between these lie subordi- 
nate layers of granular limestone, dolomite, quartzite, 
ironstone, graphite, &c., and the whole series are found 
stratifieii in a parallel direction. This alternate lieddiug 
and imbedding correspond exactly with that of the sedi- 
mentary rocks — their state only is changed, being usually 
crystalline. The bedding and stratificatioii of the crys- 
taUine schists therefore furnishes a second and most im- 
portant argument for their metamorphic origin; in no 
other way can the existing phenomena be accounted for* 

3. The usual or normal bedding of the crystalline 
schists is lower than that of all sedimentary rocks, and 
complete gradual transitions between the two are fre- 
quently to be observed. These outward indicia alone are 
strong evidences of metamorphic oi-ii^in. 

4. Finally, we may bring certain more rare or ex- 
ceptional phenomena in proof of the theory of transmu- 
tation, e.g. the occurrence in strain of crystalline schist 
of beds containing certain still recognisable fossils ; as for 
instance the limestone-slate with remains of belemnites 
between the mica^hist and gneiss of the Alps, at the 
Turca and Pass of Nufenen. At the last-named locality 
more recent formations are also found exceptionally very 
much changed, but not entirely transmuted. 

Taking all these facts together they appear to us to 
funiish as complete a chain of indirect evidence in favour 
of the transmutation of a very large proportion of the 
crystalline schists as we could well expect to find where 
from the nature of the case direct observation is un- 
attainable. 

The causes and manner of the transmutation, however, 
constitute a different question. 

The first theory of ideologists upon this matter was that 
the crystalline schists had been formed out of the sedi- 
mentary by the o])eration of fjreat eruptive masses of 
igneous rocks thrusting themselves through, over, and by 
the side of the sedimentary rocks — therefore by the effect 
of contact ; and it was also supposed that the felspar of the 
gneiss was only forced into it from granitic compounds. 
The frequent occurrence of sranite in the immediate 
neighbourhood of gneiss, the fact that granite districts 
are frequentiy entirely surrounded by gneiss, which latter 
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♦rr.ulually mercies into mica-schist t( winds its external 
l)(>umlarv (jis for itrstance. in many ] tarts of the Erzge- 
birge); all these and like phonomcua might no doubt 
be cited in favour of such an hypothesis. But on the 
other handy no possible explanation could be afforded on 
this asBumption for the uniform distribution of the felspar 
in the gneiss, nor for the extent of the supposed effect 
of the contact without a regular diminution of force cor- 
responding with the distance from the transforming cause. 
Very frequently the observable mass of eruptive rock 
(which according to the theory should be the cause of 
the transmutation) bears no adequate proportion to the 
extent of the crystalline schist (which has become trans- 
muted). Man^ large districts of crystalline schist are, 
moreover, entirely free from granitic or other eruptive 
intrusions ; and it would, to say the least, be hazardous in 
such cases always to presume the existence of a substratum 
of granite whidi had failed to j^netrate to the surface. 
Again, many conmderable gramte districts are not sur- 
rounded by gneiss or other crystalline schists, but on the 
contrary are immediately in contact with distinctly sedi- 
mentary rocks, wliicli latter have remained almost entirely 
unchan<rcd by the contact, or at all events are not chancred 
into crystalline schists, although their bedding shows 
clearly enough that they have been actually broken 
through by the granite. The Hartz and Saxon Voigt- 
land afford remarkable instances of this kind. Thus we 
find clay-slate formations of different ages broken through 
by great masses of granite ; at the margin of the granite, 
however, we find no trace of gneiss or mica-schist forma- 
tions, but only the ordiiiaiy clay-slate changed for a 
relatively small distance into horustonc, nodular schist 
(Knoti nschiefer), or chiastolite-schist — cliaiiir( which no 
doubt have been caused by contact with the granite, 
but which bear no resemblance to gneiss-formations, and 
are probably the consequence more of a hydroplutonic 
operation than of the high temperature of the granite 
uone. 

We are aware that Credner (in y. L. u. Br. Jahrb. 

1849, p. 8) has described an occurrence at Glasbach on 

the Schwarza, in the Thuriugian Forest, where it really 
appears as if the clay-slate, broken through by a very 
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considerable dyke of granite, has been transmuted into 
gneiss for some short distance from the granite. Under 
special circumstances, and if we find the clay-slate to 
contain the same elements as the gneiss, we may well 
admit the possibility of such an elf'ect of the contact of 
granite without our being authorised therefore to con- 
elude that all gneiss has arisen from the same or similar 
transmuting causes* We should rather regard such an 
instance as proving that in particular cases special causes 
have been competent to supply those more uniyersal con«- 
ditions and processes of transmutation by which the 
greater part of gneiss rocks have been formed ; just as in 
the neighbourhuod of basaltic rocks and ]^orphyries ex- 
ceptional formations of anthracite have taken place. 

From ail these considerations we gather that no effect 
which could be produced by the contact of eruptive 
igneous rocks would be sufficient to have caused the 
formation of the great mass of the crystalline schists, but 
that we should rather look for causes much more general 
in their operation. These are most probably no other 
than pressure and heat. We accordingly hold that not 
onlv the crvstalline schists but also the subordinate masses 
imbedded in them are nothing more than the latest result 
of that very general process of transiuLitatioii which all 
sedimentary deposits have undergone and are still under- 
going from the moment that they begin to be covered 
more or less thickly with other more recent deposits. 

Now a very thick covering with recent deposits can 
only be the consequence of a previous depression. But 
by the combined effect of depression and the weight of 
fresh deposits the underlying strata are subjected not only 
to an increased pressure but also an increased temperature. 

In the earliest periods of the earth's development, 
there probably was also an increased pressure from a 
denser and more heavily laden atmosphere, and Ix sides 
the increase of heat with the depth from the surface, 
there was doubtless a generally higher temperature of the 
whole globe^ so that the difference which now exists 
between older and more recent igneous rocks, and be- 
tween volcanic and plutonic rocks, would at that time 
be much smaller, all volcanic formations partaking more 
or less of the nature of the plutonic* 
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Therefore^ pressure and heat, with the addition, pea> 
haps, of water (which has either penetrated the earth to 
a considerable depth or which chemically formed a part of 
its original composition), appear to have worked together 
through great periods of time to produce the final result 
of the transmutation into crvstalliue schist; and those 
crystalline schists which are now to be seen on the earth's 
surface iiiust also have been lilted and pariially deprived 
of their superincumbent masses. But as each process of 
covering, of transmutation, of raising and re-exposure, 
must have occupied extensive periods of time, it follows 
that all crystalline slates which are now accessible to ob- 
servation are of very ancient formation* In general lan- 
guage, they may be said to represent the oldest deposits 
in a metamorphosed state. Exceptions to this character 
can only be attributed to special circumstances. In the 
Alps, such exceptions do appear to have taken place. The 
deposits of the Jurassic, the Chalk, and the Tertiary periods 
exhibit there an extraordinary thickness ut development, 
and, consequently, belemnitic strata (of the oldest deposits 
of the Jurassic period) appear in certain places to have been 
so thickly covered as to have been changed into crys- 
taUine schist ; and very energetic upUftings have also at 
a later period exposed them. 

In general we may say of the Alps, that the process of 
metamorphosis has been there pushed up higher in the 
scale of the earth's history than elsewhere is usual. The 
Eocene deposits contain firm clavnslatc, which is used for 
roofing purposes ; the iNIiocene browncoals of the ]\L)- 
lasse formation appear already to have almost become 
ordinary black coal, &c. On the other hand, we find the 
converse of this state of things in the low lands of Russia, 
where the oldest Silurian formations are still partially in 
the state of plastic clay and friable sandstone, probably 
because they have never been thickly covered. 

The temperature to which the lowest deposits have been 
subjected, under very great pressure of tnicklying supcr- 
incinn])ent masses, may even have reached so great a 
degree that sdine or all of the rocks composing such strata 
have been sutiened or perhaps partially fused. In tl us ^vay, 
for instance, we may explain the othenvisc singular ])iieno- 
menon of layers of granular limestone which sometimes 
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lie between beds of crystaUine scbist ; yea, eyen sili- 
ceous rocks may baye been softened by this means^ en- 
tirely losing their slaty texture and stratification. 

Ko doubt, we may be easily led by such speculations 
into regions of unfounded hypothesis, but the causes to 
which we have referred afford a possible explanation of 
many bedding relations between grauulite and gneiss, 
which cannot be accounted for by simple transmutation 
&om a sedimentary ibnnation. 

IVow, granted that we are able to explain the special 
state of the crystaUine schists by such general plutonic 
influences as pressure and heat, there yet remains the im- 
portant question whether their chemical composition also 
corresponds with this theory of their transmutation ; in 
other words, whether the sedimentary rocks originally 
contained, or coiiM have subsequently absorbed, those in- 
gredients which were necessary to the formation of the 
crystalline schists. In many of the sedimentary rocks this 
is most certainly the case. We need only compare the 
ingredients of the crystaUine schists with those of the as 
yet uncrystaUine slates as given in the tables, p, 86, 
ante, in order to perceive that, even without the accession 
of new ingredients or partuig with any which 'they now 
contain, many a clay-slate might be changed into a mica- 
schist, and others into a gneiss, if their ingredients could 
be so disposed as to combiiic into crystalline niiiicial ag- 
gregates. The elements are there; the o})portunity of 
assuming a new shape is the only thing wanting. The 
composition of dittierent clay-slates, several of which also 
contain some lime and magnesia, corresponds with that 
•of many different vane ties of gneiss, mica*Bchist, and 
hombleoideHschist. Doubtless an additional quantity of 
magnesia would be necessary to the formation of the 
chlorite and talcose schists, but the possibility of the ac- 
cession of solutions of magnesia is proved beyond doubt 
by the existence of numerous pseudomorphs of certain 
well-known minerals. With reference to the formation of 
these magncsian rocks (to which serpentine also belongs), 
certain special conditions would appear to have been ne- 
cessary in their case in addition to the general causes 
which contributed to the formation of the great mass of 
the other crystaUine schists. 

c c 
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Our hypothesis (to wlil( li, Iiowever, we 'lay no personal 
claim) by no means excludes the possibility of water as an 
auxiliary agent in such transmutations as we have de- 
scribed. The comparatively recent experiments of Daubr6e 

liave established that water will remain in combination 
with other substances, sucli as silicates, under high atmo- 
spheric pressure, even at a white heat ; and that in such 
eases it even materially aifeets the iusing point of sub- 
stances ; and bcheerer has proved that the water con- 
tained in the mica of gneiss was a part of its original com* 
position. This water may have caused many phenomena 
in the interior of the earthy which as yet we are not able 
accurately to explain or prove. 

What thickness of superlying strata should be assumed 
as sufficient to produce the transmutation which has re- 
sulted, we are unahle to say ; and we have fewer data for 
any com])utation, as, according U> the igneous theory of 
the earth's formation, the averaire temperature of the 
whole giobe, including the surface, must formerly have 
been much higher, and the atmosphere more compact and 
dense, therefore the pressure much greater, than at the 
present day. Moreover^ in all geological phenomena 
the duration of a particular influence will to some ex- 
tent supply any deficiency in its energy ; and» as we have 
no standard by which to measure the time of geological 
processes, we have free scope to assume any duration of 
time that appears necessary to explain their oj)eration. 

The crystalline schists, if we take their ])rincipal repre- 
sentatives, irneiss and mica-schist, are more ch)sely allied 
to the acidic than the basic igneous rocks. Tlie cause of 
this is easily explained* In the igneous rocks, the two 
principal bases, whose greater or less proportion chiefly 
creates the distinction between the acidic and basic groups^ 
are lime and magnesia. Now, on the decomposition or 
disintegration of the igneous rocks, Aeir lime and mag- 
nesia having first been taken up in solution (for the most 
part in combination Avith carbonic acid), have then been 
separately de})Osited in the form of independent beds of 
limestone and dolomite. The aluminous and quartzose 
ingredients of the igneous rocks have formed the more 
mechanical deposits of clay and sand, free from lime, and 
appear to have produced the greater part of the crystat 
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line schists ; and as the calcareous and ma^esian deposits 

were originally formed between the strata of clay and 
sand, so we again meet with liuicstoMc and dolomite rocks 
imbedded between the acidic crystalline schists ; and we 
may assume that they represent the collective amount of 
lime and magnesia in which the average of the crystal- 
line schists is deficient as compared with the average of 
the igneous rocks. This separate development of the 
lime and magnesia may likewise be the reason why com- 
binations of hornblende^ pyroxene^ and labradorite are, 
generally s}>eaking, far less frequent in the crystalline 
schists man in tiie igneous rocks. 

The crystalline schists, according to our theory, must 
represent the most ancient or undermost deposits of the 
world's history. They are the oldest rocks of which we 
have kn()\vledG:e, since we find them overlaid bv all the 
sedimentary rocks, and broken through by every kind of 
igneous rock. But the question arises, upon what foun- 
dation can these deposits have first rested, if no other 
rocks were previously in existence? Doubtless diere 
must have previously existed a firm foundation or floor of 
deposit separating the fused mass of the interior from the 
covering of water and air, by whose means alone deposits 
could be formed. If, therefore, we acknowledge the fused 
state of the Avhole earth as its most ancient preoioiiiral 
condition, we are necessarily led to assume the existence 
of a very thick first crust, caused by the cooling of the 
8uri*ace of this molten matter before it would be possible 
for any sedimentary or eruptive rocks to form. Now 
what has become of this first crust, unless it be repre- 
sented by the crystalline schists ? It is certainly difficult 
categorically to answer a question of this nature, refer- 
ring to ages and circumstances long since passed; but 
one thing is certain, viz. that such gneiss, mica-schist, or 
argillaceous mica-scliist, as contain parallel snbordinate in- 
terlying beds of limestone, dolomite, hornblende-schist, 
quartz-schist, ironstone, or graphite, and the like, can~ 
not have been formed by the first coohng of the earth's 
mass. No doubt where such interlying beds are entirely 
absent, as, for instance, in some gneiss, it is possible that 
such districts may be the remains of a first crust of the 
cai-th. Further, it is not certain that all granite is of 

0 c 2 



Digitized by Google 



888 r£OC£SS£S OF ROCK FOKHATION: 

eruptive origin; indeed, there are many circumstances 
that point to a contrary asfiumption in certain diBtricts. 
Here, therefore, we have something which may possibly 
date from the first cooling of the earth's surface. But 
unifoim districte of gneu.8 oontoining no foreign Buborfi- 
nate beds, and granite districts without recognisable 
traces of eruptive ori^nrin, are phenomena so rare to our 
present geoh^irioal exptrience, that they evidently do not 1 
suffice to refn eMiit a great ])rimeval crust of the earth. 
Under these circumstances, there seems nothing left for 
us in the present state of our knowledge but to assume 
that the greater part of the first crust, having become 
very thickly covered with deposits, has been gradually 
remelted and become eruptive, perhaps in the form of 
granite. There ia, indeed, no reason why Ae same fate 
should not have been shared by the oldest rocks of de- 
posit ; and Uiiis it may be that the chronological starting- 
point of geoh)gical develo|)nient has frequently been 
effaced, and become altogether uncertain. 

In what we have said above, we have endeavoured to 
develope the plutonic theory of the origin of crystalline 
schists. Kecently, however, other explanations of the 
origin of those rocks have been started, not so much by 
geologistB as by chemists, who also assume tiieir origm 
by transmutation from sedimentary rocks, and differ from 
the geologist chiefly in denying all plutonic agency, only 
acknowledging the efficacy of such chemical processes as 
might have taken place under the condiUuus existing at 
the surface of the globe. 

We have already more than once shown, in the course 
of this work, that plutonic processes do not exclude the 
combined action of water as an auxiliary agent ; and thus 
may deserve the name of Htdroplutonic ; but, according 
to the more recent views of some chemists, water alone is 
said to suffice, under circumstances of ordinary pressure 
and temperature, to have brought about these transmu- 
tations in the course of time. 

We do not venture to pronounce upon such theories j 
from a cIm rnical, but only from a geological point of view, 
and in this respect they do not satisfy our mind, chiefly 
because they disregard the effect and influence of very 
thick overlying strata, therefore of high pressure and 
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increased temperature ; because they do not explain why, 
for instance, in the Alps, very recent deposits are greatly 
altered in character^ whereaa in other countrieB very old 
deposits where they have remained uncovered are scarcely 
changed at all (as, for instance, in Northern Russia); 
and finally, because they leave the phenomena of con- 
temporaneous mechanical chancres, such as condensation, 
slaty structure, &c., entirely Luiexpluiued. Assuming it 
to be the fact that by the agency of water alone, under 
circumstances of ordinary pressure and temperature, mica- 
scliist or gneiss, hornblende-schist, Sec, might be produced 
from clay (argillaceous shale or clay-slate), it would still 
be difficult to believe that by such agency proceeding from 
the surface, whole complicated systems of strata should 
not have been more locally influenced, and very differently 
affected at different depths, instead of having been almost 
everywhere equally and uniformly influenced by the trans- 
forming cause. Again, if all these important changes 
and transmutations were entirely or chiefly due to water, 
it would be very extraordinary if we did not find that 
they had been occasionally modified by the increase of 
temperature and of pressure to which they must have been 
subjected, since we cannot shut our eyes to the existence of 
such influences in the interior of the earth, and numerous 
geological facts sufficiently prove that many rocks which 
once were very thickly covered have been subsequently 
laid bare by processes of uplifting and denudation. 

If we adopt the pure chemical hypothesis, then we must 
abandon the idea of that relationship existing between 
bedding and transmutation wliich, according to the i)hit(jnic 
theory, is an invariable law. It is indeed somewhat sus- 
picious tliat the supporters of the chemical theory, in 
order to make the plutonic appear improbable, almost 
entirely dispute as a fact the operation of pressure and in- 
creased temperature in the interior of the earth, whereas 
every unprejudiced person acquainted with the rudiments 
of physics must admit these forces to exist inevitably 
under the given circumstances. The same persons are 
even in the habit of disputing the eruptive character of 
the crreater number of ifjneous rocks, from which we 
infer that they are dcliciently acquainted a\ ith geological 
facts from personal observation* AVe purposely use the 
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word eruptive (not igneous) because the eruptive eha- 
raeter of the rock is unmistakably proved by the form of 
its mass, even if occasional doubts should arise as to the 
actual state of some few rocks at the time of their in- 
trusion. 

In other words, we do not regard those chemists very 
competent guides in pure geological questions, who fail 
adequately to resfard tne external phenomena of form and 

bedding no less than the elementary composition of rocks. 

We would not l)e understood to depreciate the careful 
experiments and researches ^vhich we owe to G. Bischof 
and others on tlie effect of water in the processes of for- 
mation and transmutation of minerals. These are highly 
instructive, and they are more especially valuable as 
clearing up and ezplaming very scientifically what was 
previously only matter of surmise respecting the nature of 
the process of formation of mineral deposits in vesicular 
cavities imd «a>iire8 of some rocks, and rcspectbg the 
special formation and transmutation of minerals in the 
interior oi other rocks, by which latter process, for in- 
stance, serpentine, chlorite-schist, talcose schist, &c., may 
in many instances have resulted. 

In the course of these observations mention has been 
made of transmutation by means of contact; i.e« of such 
transmutations as are found at the margin or in the 
neighbourhood of eruptive igneous rocks which have 
broken through sedimentary rocks. That such exist 
cannot be doubted ; as a rule, however, they extend to 
only a very limited distance from the eruptive rock. 
They may be divided into such iivS are purely plutonic or 
hydroplutonic, and such as are volcanic processes. To 
the plutonic proccs^^( s belong tlie formations of hornstone, 
nodular schist (Knotenschiefer), and chiastolite-slate on 
the contact-margins of granite or greenstone. To the 
volcanic processes belong special induration, slacking, 
vitrefaction, coking and columnar jointing of argilla- 
ceous sandy or carboniferous rocks on the margins of 
basalt, trachyte, or porphyry. These latter cases appear 
to be simply the result of greatiy increased temperature 
and subsequent rapid cooling without water. The plu- 
tonic j)rocesse8, on the other hand, admit of the combined 
agency of water and heat. 
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Transmutations occasioned by the burning of beds of 
coal (as the burnt clays, described p* 338, ante) axe pro- 
cesses of entirely local character, and there may be many 
other such which it is unnecessary further to describe for 
our present purpose. 

The transmutations of which we have hitherto spoken are 
chiefly such as have taken place lu the interior of the earth 
with exckision of atmospheric air. For these Haidinger 
has proposed the term cato(jenic in contradistinction to 
the anogenic transmutations which proceed from the ex- 
terior towards the interior, under the influences of air and 
water. These latter correspond in part with the very 
general process of weathering the rocks ; they do not, 
however, always consist in die decomposition or disin- 
tegration of the masses affected, but sometimes rather in 
the formation of hydrates. To this belong the coalescing 
of the felspathic rocks, the formation of wackcs by means 
of compounds containing augite or hornblende, the for- 
mation of grypsum from anhydrite, &c. These anogenic 
transmutations like'^^^se play an important part in the 
chain of processes by wluch in nature matter circulates 
through its various forms. 

The most striking of the contrasts between the eaio 
genie and anogenic transmutations may be stated some- 
what in the following manner: — 



Catogenic. 

CondenRation and induration. 
Crystallisation. 

Deoxidation. 

Loss .of water (to a certain 
extent). 

Foimation of alaty achutose or 
texture. 



Anogenic, 

Pisintegration. 

±rti^uent destruction of the ciya- 

talline state. 
Oxidation. 

Fonnatian of hydrates. 



The following recent works may be here cited as espe- 
cially noteworthy upon the metamorphosis of rocks : — 

St. Claire DcviUe, the Operation of Chlorides and Sulphates upon 
the Metamorphism of the Sedimentary KockSi Gompt. rend. 
1868, vol. xlvii, p. 89. 

A. Gages f on the Study of some Metamorphic liocks, Philos. 
Mag. 1859, March, p.'lG9. 

O. Lieber, Critique on the Views of Bischof and Naumann on 
the Subject <n Metamoipliism. id Mining Mag. yol. i. Decem- 
ber 1869. 
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Ddem, £tude8 sur le M^tamorphisme den Roches, Paris, 1861 : 
V. L. u. Br. Jahrb. 1858, pp. 336 and 727, 1869, pp. 222 and 
223 ; rinstitut, 1861, p. 270. 

DauhrSey Etuden 8ur le Al^tamorpbisme et sur la Formation des 
Koches CnBtalUnea^ Pans, 18U0. 

MINERAL VEINS ANB VEINS OF ORR 

These almost form a special group of rodcs, and would 
be entitled to an equal place by the side of the three 
other groups, if the extent of space which they occupy in 
nature were not so small. They but fill up narrow fis- 
sures in other rocks. Their origin appears, almost with- 
out exception, to have l>e(m liydroplutonic. They are, for 
the most part, chenncal precipitates from a(iueons solu- 
tions formed in the interior of the earth under very dif- 
ferent circumstances of pressure and heat than those 
which prevail upon the surface. 

Havrng treated these formations, which occupy so sub* 
ordinate a space in the composition of the earth's crust, 
at length in our book on ' Erzlagerstatten,' we shall not 
devote further space to them here. 
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CONCLUSION. 

Bearing in mind the facts and confiiderations abore 
stated, if we take a general review of the various forma- 
tions and transl'ornmtions of rocks, we shall discover in 
them a perpetual process of circulation or rotation of 
sub>t:uices, and of their different states. The substances 
remain, but the forms in which they appear and the mode 
of their combinations vary* 

Disr^arding for the moment the first soUd products 
of cooling on the earth's surface^ as not being capable of 
identification at the present daj, we may most conve- 
niently enter the circle of transmutations willi the erup- 
tive igneous rocks, as approaching most nearly to original 
formations. These then are constantly attacked and de- 
composed by chemical and mechanical iorces acting from 
their surface inwards^ and from their cracks and fissures 
outwards. 

The products of thifi decay are deposited either in the 
form of chemical precipitates or mechanical aggregates. 
By chemical process of precipitation cavities and fissures 
in rocks become filled up {amygdaUnds and veim), depo- 
sits are made at the moutlw of springs of Kme$tane^ff, 
filieeaus tnff, bog-^re, &c. ; or else, other crystallme rocks 
are formed, such as gi/psum or rock-salt. By mechanical 
agency, on the other hand (partly aided by organic pro- 
cesses), there arise the much more impoitant and exten- 
sive deposits of cUu/, sand, pebbles, marl, limestone, and 
dolomite and during the process of deposit, carbon (in 
the form of carbomc acid from the atmosphere), toaier, 
chlorine, and some other substances axe added to the pre- 
viously existing materials. 

But, like the eruptive masses, all these deposited masses 
in their turn are partly decomposed and washed away by 
external forces, and in other part they become greatly 
changed internally; by pressure and the action of heat, 
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By means of heat ami pressure acting diirinpr long periods, | 
]>arts which thus in the first instance were only mecha- 
nicaUy bound together, enter into new chemical com- 
binations with each other, and assume a crystaUine state 
more or less analogous to that of the crystalline mineral 
aggregates of the eruptive rocks. It is even pro^ 
bable in many cases that the substance of these deriynr 
tive rocks has been fused and become eruptive a second 
time. 

Thus the process of destruction and new iurniation of 
rocks, be it ever so slow, and therefore difficult of ob- 
servation, 1ms never, at anv time f)f the earth's liistorv, j 
been interrupted, but continues at the present day ; and ' 
not only is this true of the original formations, but the 
new products of consolidation^ of deposit, and of transmu- 
tation have always been eqiudly subjected, and are still 
subject, to the same processes. 

This is the perpetual circulation of matter in the world i 
of rocks. 

In the course of such various and renewed working up 
and transfornisit ion of the same substances, with the addi- 
tion of those nthers furnished bv the air and water, it 
cannot be matter of wonder that the variety of their 
grou^ has been always somewhat on the increase ; for, if 
certam processes in this rotation are altogether universal 
in their character, recurring in the same way, everywhere 
and in every age, yet in consequence of the general mul* 
tiplication of conditions and circumstances, and the in- 
creasing aggregate of their results, special combinations 
of the same processes have constantly arisen in later tiriics 
and brought about special formations of rocks which were 
not previously in existence, or which do not belong to 
the normal piienornc na of nature. ' | 

This increase in variety of the products of later times 
is not confined to geological and mineral substances ; a 
greater and more rapid increase has taken place in the 
organic world, where tiie forms of life have multiplied in 
an ever ascending ratio (partly in consequence of tiie 
change and increase of tiie conditions of existence firom 
geological causes). 

The processes of change, to which the outward con- 
formation of the globe's surface is subject, likewise mul- 
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tiply more rapidly than mere strictly geological pheno- 
mena. 

Ron.«5oning, therefore, from the ])ast and from analogy 
with other kingdoms, we must expect the species of rocks 
and kinds of rock-formation to go on increasing inde- 
finitely for the future, as they have been increasing con- 
tinualiy ever since the first solidification of our earth's 
crust. 



INDEX OF LOCALITIES 



AAC 

A ACHEN, smithsonite of, 34 

Aberdeenbhire, andalnsite of, 35. 
Adainello Mountains, in Southern Tyrol, | 

tonalite of, 201 
Adara'H Peak, Cejlon, oligoclase-gneiss j 

of, 239 
jEgiiia, trachyte of, IM 
£tna, alum, near the crater of, ^ 

— dolerite of, 132 

— hematite of, 63 

— labradnrite in the lavas of, 11 

— trachyte of, 186, 188^ 
Africa, limestone of. 2E2 

— lower chalk of, 283 

— nummulitic limestone of, 282, 283 

— trona of, 59^ 352 

Agordo, in the Alps, pyrites of, 358 
Aix-la-Chapelle, gaiiney of, 3^ 
Ajaccio, diurite of, lo5 
Albanian Mountains, leucite rock of, 
143, ISfi 

— peperino of the, 308 

Algarve, in Portugal, foyaite of, IBl 
Algeria, nummulitic limestone of, 2&2 
Alleghany Mountains, anthracite of, 336 
Allgau, allo?orite of, 142 
Almaden, in Spain, cinnabar of, 358 
Alps, aUuIaria of the, 9, 2111 

— alpinite of the, 2^ 

— analcime of the Seisser Alp, 30 

— anhydrite of the, 48 

— browncoal of the, 330 

— clilorite-schist of the, 230 

— dolomite of the, 289 

— fim or n^ve' of the, 346 

— fluor-spar of the, £[2 

— gneiss of the, 239 

— granite of the, 206, 202 

— greenovite of the, 42 

— gypsum of the, 49, 292, 293 

— limestone of the, 283, 2M 

— chalk formation ot the, 283 

— melaphyre of the, 163 

— mica-schist of the, 244 

— uagelflue of the, 303 



AM£ 

Alps — continued 

— red sandstone of the, 300 

— pebbles at the foot of the, 102 

— potstone of the, 2hl 

— pyrites of the, 358 

— rcx>finp: slates of the, 2fi5 

— shale of the, 267. 2M 

— sandstone of the, 21i9 

— talc-schist in the, 2A2 

— mica-schist of the Eastern, 244 

— celestine of the Seisser, 48 

Alps, Northern, breccia-like rocks of, 30S 

— dolomite of the, 289 

— glauconite of the, 27 

— marl of, 274 

Aljo, Pennine, dolerine of the, 2ii2 
Alps, Webtern, spilites of the, 167 
Alpujarras, in Spain, galena of, ZO 
Alston Moor, aragonite of, 5fi 
Altai Mountains, porphyrite of the, 120 
Altenberg, in Saxony, chlorite of, 2A 

— granite- porphyry of, 214 

— granular liuiebtone near, 277 

— greisen near, 32J 

— Zwitter rock of, 322 

— pycnite of, 354 

Allenhain, in the Erzgebirge, granite- 
porphyry of, 213 
Amberg, yellow earth of, 356 
America, liniestone of, 283 

— lower chalk of, 2fi3 
America, North, alunogen of, 50 

— apatite of, 33 

— blue spinel of, fil 

— catawbirite of, 345 

— chromic uron-ore of, 62 

— franklinito of, 357 

— hornblende-schist of, 254 

— mispickel, of, 74 

— nacrilide of, 244 

— itacolumite of, 249 

— naphtha of, 22 

— orbitoidal limestone of, 283 

— petroleum or rock-oil of, 3ii2 

— r utile of, 66 



398 INDEX OF 

AME 

America, North — < ontinued 

— hpet niar iron of, 343 

— titanite of. 47 

— ti oiia of, iill 

America, South, andejtite of, 122 

— felapar rocks of, 1S8 

— itac'ilumite of, 248 

— trachyte of, 186 

Amiano, in Parma, naphtha of, Z2 
.\ndernach, on th« Rhine, leucite rock 
near, 143 

— titanite of, il 
Andes, andf^ine of the, 1 1 

— felspar rocks of the, 188 
Andreafiberg, anaK^ime of, 30 

— anhydrite of, Ifi 

— ajM)pliyllite of, 30. 

— hHrinotinne of, 32 

Antihiina, iu South America, aodesite 
of, m 

— trachyte of, Ififi 

Antrim county,granu]ar Umestone of, 278 

— phiUip8it«'of, 32 
Arabia, tuiquois of, 
Aragon, nitre of, &S 

Ararat, Mount, andesite of. 122 
Ardennes, ottrelite-schitit of the, 256 
Arenda], in Norway, apatite of, £3 

— graphite of, 75 

— magnetic iron- ore of, 01^ 345 

— pistacite of, 42 

— acapoHte of, 42 

— titanite of, 41 
Argyleshire, titanite of, 42 
ArkHatfiord, in West Greenland, cryolite 

of,6a 

Artern, in Thuringia, mellite of, 71 
AscbatFoBburg, gneiss of, 232 

— giaiiite-porpljyry of, 213 

— titaniferous iron of, S3 
Aiiia Minor, corundum of, 3M 

— nuinmulitic limestone of, 2S3 
Aue, in Saxony, kaolin of, 354 
Auerbach near Heidelberg, granular 

limestone of, 278 
Auerbach, in the Odenwald, kinzigite 
»>f, 32i) 

Awlj;ast>e, in Siegburg, dolerite of, 135 
Auat>ig, in Buhemia, ualrolite of, 32 

— phoDolite of, 2DQ 

Autun, in France, bituminous sub- 

stances of, 72 
Auvergne, alunite of, 52 

— apopl)yiUte of, 311 

— colourless bynlite of, 8 

— scolecite of, 33 
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BER 

Auvergne — coniinued 

— zircon of, 41 

Averno, Lake of, leucite of, lfi5 

Azures, trachyte in the lavas of the, 190 



T) ADEN, pyrochlore of, 45 
^ — perofskit^ of, 45 
Ballybrack, near Dublin, granite of, 2Q& 
Baltic, amber on the coa.si; of the, 76 
Bannat. Mpophyllito of the, 30. 

— coal of the, 334 

Barenburg, in the Erzgebirge, granite- 
porphyry of, 213 
Barnstaple, in Devonshire, wavelliteof, 55 
Barre, in Massachusetts, nitile of, 65. 
Bartuu clay, 2211 

Baste, in the Hartz Mountains, schil- 
ler-spar of, 12 

— Bcbiiler-rock of the, 
Bath, stone of, 280 
Bavaria, apatite of, 53 

— cordierite of, 44 

— coIuinbit« of, 46 

— flint in the Upper White Jurassic 
of, 6 

— glauberite of, 42 

— graplnle of, 33fi 

— kinzigite of, 32D 

— nodular limestone of, 280 

— opal of, 342 

— olirelite-sclnst of, 25fi 

— siliceous spherosiderite of the Alps 
of, 346 

— slaty limestone of, 2ai 

— vivianite of, 54 

Baveno, common felspar of, IQ 
Baveno, in the Alp.s, granite of, 206 
Belfaly, in the V^usges, aphanite of, 1^ 
Bell, near Anderna(;h, leucite rick of, 143 
Bellmansloos, near Tharand, felstone of, 
222 

Belmsdorf, in Oberlausitz, aphanite of, 
111 

— diorite of, 155 

Berchtesgaden, in Bavaria, glaubersalt 
of, 51 

— glauberite of, 42 

Beregheacz, in Hungary, alum-stone of, 
302 

— trachyte-porphyry of, 125 
Beresowsk, in the Ural, beresite of, 201 

— talc-schist of, 252 

Berggitish libel, in Saxony, magnetic 

ironstone of, 345 
Berlin, glauconite of, 22 
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Berneck, in the Fichtelgebirge, diabase 
of, Ul 

— uiica-Hchist near, 

— gneiss near, 239 

Bes, in Switzerland, grpsam of, 293 
Bilin, in Bohemia, arafronite of, 58 

— opal found in the Iripoii of, S 

— rock-soap of, 355 

— semi -opal of, 349 

Binnen Thai, in the Alps, dolomite of 

the, 289 
BirkenholF, red melaphyre of, Ififi 
Black Forest, kinzigite of the, 32D 
Blanc, Mont, gneiss of, 239 
Blattendorf, in Boliemia, phonolite of, 

2QQ 

Bleiberg, in Carinthia, galena of, ZD 

— sniitbsonite of, 34 
Blumaa, porphyry of, 21S 

Bocche, Moute, in Tyrol, porphyry of, 

2ia 

Bodenmais, beryl of, 39 

— columbite of, 4fi 

— cordierite of, 44 

— kinzigite of, 32Q 

— vivianite of, 54 
Bognor, clay of, 270 
Bohemia, alum of, iiU 

— amber of, 26 
apatite of, 53 

— aragonite of, 53 

— basalt of, 141, H2 

— bituminous sub.stances of, 12 

— colourless hyalite of, 8 

— egeran of, 318 

— epsomite of, 511 

— felspar of, ID 

— glaubersalt of, 51 

— gneiss of, 2^ 239 

— granite of, 2D2 

— granulite of, 231 

— granuHte-gnei.ss of, 238^ 239 

— niarca»ite of. 73^ 352 

— marl of, 223 

— mellite of, 22 

— mica-schi.st of, 242 

— natrolite of, 32 

— phonolite of, 187 

— phonolites of, 198^ 2QQ. 

— polianite of, fi5 

— polishing slate of, 35Q 

— pyrope of, 41 

— rock-soap of, 355 

— sandstone of, 299 

— thomsonite of, 31 

— titanite of, 42 
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Boh em ia — con tin tied 

— wavellite of, 55 

Bohnusch-Wiesenihal, leucite rock of, 
143 

B'dhrinsen, in Saxony, gabbro of, 151 

— serpentine of, 317 
Bologna, barytes near, 48 
Boiihomme, Col du, ulbite of, 11 
Boon, alunogen of, 5Q 

— bituminous substances of, 22 

— trachyte of, 184, 19D 
Borghetto, leucite of, 18fi 
Borrowdale, in Cumberlaud, graphite of, 

75^336 

Borsabdnya, in Hungary, timazite of, 15fi 
Boston, in Massachuhetts, potslone of, 
251 

Botallock, in Cornwall, axinite of, 44 
Botzen, in the Tyrol, laumontite of, 32 

— porphyry of, 218 

Bozdorf, near Moritzburg, granite-gneiss 
of, 238 

Brambach, in the Voigtland, granite- 
gneiss of, 238 

Brandau, in the Erzgebirge, anthracite 
of, 33fi 

Brandholz, in the Fichtelgebirge, mica- 

schibt near, 244 
Brava, lisland of, nosean of, 15 
Brazil, Carveira of, 234 

— itabirite of, 343 

— itacolumite of, 248 

— moorshead rock of, 343 
Brest, kersanton of, 175 

Brevig, in Norway, pyrochlore of, 45 

— wohlerite of, 46 

— zircon- syenite of, 181 
Briesgau, jasper of, 6 

— granular limestone of, 278 
Britain, felstone of, 222 
Brittany, kersanton of, 125 

— staurotide of, 3fi 

Brixen, in the Tyrol, granitite of, 202 
Bronzell, in Tyrol, porphyry of, 21i< 
Buchenberg, in the Hartz, wernerite 
rock of, 222 



pAEN, stone of, 2M 
^ Calabria, nitre of, 55 
Calais, glauconite of, 27 
California, borax of, 53 

— naphtha of, 22 

Canada, chloritoid schist in, 251 

— naphtha of, 22 

— serpentine rocks of, 317 
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Cantal, in France, schistoiw trachyte of, 

184 

Capo Loneo, aonth of St. Gotthard, 

toarmaliue of, 31 
Caradoc, sandstone of, 301 
Carinthia, palena of, 20 

— smithsonit© of, 34 

Carlsbad, in BoUeinia, aragonite of, 58 

— common felspar of. IQ. 

— fibrous limestone of, 2S1 

— glanbersalt of, ^ 

— pranite of, 203 

— roarcasite of, Z3 

— orthoelase of. 354 

— peastone of, 2fill 
Carolina, itacolumite of, 243 

— catawbirite of, 345 

Carpathian Mountains, chlorite-schist of 
the, 

— limestone of the, 2fi4 

— sandstone of the, 

— abate of the. 2^ 

Carrara, common quartz in the marble 
of, 6 

Castelruth, porphyry of, 218 
Castleton, in Derbyshire, elateriteof, 71 
Catini, Monte, in Tuscany, trachyte of, 
184 

Caucasus, andesite of the, 

— trachyte of the, Lfifi 

Cavalessi, in Southern Tyrol, porphyritic 

rocks of, 170 
Cevennes, fraidonite of the, 115 
Ceylon, nitre of, 55 

— oligoclase-gneiss of, 233 

— precious corundum of, 8 

— spinel of, fil 

Chaiix, near Frej us, blue porphyry of, 111 
Chellenhani, pea-grit of, 2SQ 
Chemnitz, in Saxony, chlorite-achiat 
near, 250 

— porphyry near, 211 

— porphyry-tuflf of, 309 

Chessy, near Lyons, malachite of, 60 
Chiavenna, potstone of, 251 
Chili, nitratine of, 55 
Chimborazo, andesite of, 1^ 

— trachyte of, 18fi 
China, agalmatolite of, 354 

— precious corundum of, 8 

Cilli, in Styria, fullers' earth of, 35fi 
Cimini Mountains, trachyte of the, 184 
Clermont, trachyte near, IM 
Colima, Mount, in Mexico, trachyte of, 
186 

Commern, in the Eifel, galena of, 20 



DIP 

Compain, Pas de. in France, schistons 

trachyte of, 184 
Connecticut, chabasite of, 31 

— col urn bite of, 4fi 

Corbitz, near Meissen, pitchstone of, 224 
Cornwall, axinlte of, 44 

— common ieliipar of, li) 

— common quartz of, 5 

— greisen of, 321 

— kaolin of, 13 

— malachite of, fiO 

— marcasite of, 23 

— quartz-porphyry of, 213 

— saponite of. 2fi 

— litaniferous iron of, fi4 

— topaz of, 3fi 

— tourmaline of, 38 

— vivianite of, 54 
Corsica, anortbite, of, 12 

— diorite of, 155 

— porphyry of, 218 
Cotopaxi, andesite of, 132 

— trachyte of, 1Ej6 
Criffel, zircon of, 41 
Crimea, meerschaum of, 354 
Croatia, sulphur of, 358 

Csetatye, in Transylvania, porphyry of 
213. 

Cumbal Ruca Pichincha. in South 

America, trachyte of, 186 
Cnmberland, chiastolite-scliist of, 2^ 

— galena of, 20 

— {graphite of. 75, 33fi 

— limestone of, 285 

Cyclopean Islands, near Sicily, analcime 
of the, 30 



"TVANEMORA, in Sweden, magnetic 
^ ironstone of, 6L 345 
Danube, gneiss on the, 239 

— granite on the, 202 
Dead Sea, asphalte of the, 22 

— bitumen of the, 337 
Derbyshire, dolomite of, 290 

— elaterite of, 22 

— galena of, 20 

— smithsonite of, 34 

Desert, jasper in the sand of the, fi 
Devonshire, andalusite of, 35 

— wavellite of, 55 

Dilln, near Schenmitz, agalmatolite of, 

354 

Dippt>ldi8walde, in Saxony, felstone of, 
222 

— gneiss of, 239 
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DIP 

DippoldiswaMe— confmwed 

— tnineite of, 174 

Ditro, in Transvlvania, syenite of, 129 

— wohlerite of, 4fi 

Doinokos, in Trans; Ivania, pyritesof, 
Dor^, Mont^ angite of, 185 
Dords, Monts, in Ve'lay, trachyte of, 184 
Dusj>enheim, in the Odeuwaid, grauile 
of, 2I>Z 

Drachenfels, sanidine of the, ID 

— trachyte of the, 184, ISS^ IM 
Dresden, alunogen of, 511 

— gneiss neiir, 238 

— hornblende- porphy rite of, 171, 122 

— laumontite, 32 

— oligoclase of, 1 1 

— orthite of, 43 

— syenite near, 176. 178. 123 
Drontheim, in Norway, potstone of. 251 
Drusenthal, in the Thuringian Fore&t, 

granite-porphyry of, 207 
Dublin, freestone cf, 

— granite near, 206 
Dumbartonshire, analcime of, 

— prehnile of, 31 

— thomsonite of, 31 

— laumontite t)f, 32 
Dunse sandstones, 3QD 
Dura-den sandstones, 300 

Durance, variolitic aphanites of the, 159 
Durham, dolomite of, 290 

I^BERSDORF, in Saxony, coal of, 
^ 333 

Ebnat, in Bavaria, ottrelite-schist of. 25£ 
Edenville, in New York, rutile of, 6fi 
Edinburgh, porphyry near, 170 
Eibenbtock, in the Erzgebirge, granite 
of, 2M 

— mica-schist of, 244 

— schorlaceous schist of, 323 
Eifel, galena of the, 70 

— tracliyte of the, IM 

Eger, in Bohemia, egeran of, 318 

— granite of, 2i25 

— ' granulite-gneiss of, 238, 233 

— gneiss «-f, 239 

— mica- schist of, 
Egypt, chrysolite of, 38 

— natron of, 59 

— nummulitic limestone of, 233 
Elba, Island of, epidosite of, 355 

— lievrjte « f, 37, 35fi 

— specular iron of. 343 
Elbingerode, in the Harta, graphite of, 25 

— labi*adorite-porphyry of, 1£Q 



FAR 

Elfdalen, in Sweden, chrysolite of, 39 

— hyper&thenite of, 152 

— porphy rite of, 170 

Elgfrsburg, in Thuringia, braonlte of, 

Elletihogen, granite of, 205 
Eiigadine, 8erp»?ntine of the, 317 
England, dolomite of, 289, 220 

— flint in the chalk of, & 

— gypsum of, 2ii3 

— limestone of, 228 

— marl of, 223 

— Portland stone and oolite of, 28A 

— sandstones of, 298, 2^ 

— upper and lower chalk of, 283 

— Weiilot'k shale of, 268 

— clays of, 270 
Epsom, ej^omite of, 51 
Erlbachgrund, in Saiony, dichroite rock 

of the, 220 
Erbendorf, porphyry near, 218 
Erzgebirire, actinolite-schist of the, 251 

— corundum of the, 351 

— gneiss of the, 233. 234, 236^ 239 

— granite of the, 2M 

— granite-porphyry of the, 213 

— greisen of the, 321 

— mica-schist of the. 243. 244 

— mica-trap rocks of the. LZ3 

— • nodular or spotted schist of the, 257 

— phonolite-tufa of the, 309 

— porphyry of the, 217. 218 

— protogine of the, 20fi 

— quartz-breccia of the, 305 

— serpentine of the, 317 

— Ulc-schist of, 252 

Essex, amber on the coast of, 76 
Euganean Hills, Lombardy, trachyte of, 
184 

— trachyte -porphyry of the, 195 
Europe, lower chalk of, 283 

— nummulitic limestone of the South 

of, 2S2 

Evigtok, in Greenland, cryolite of, 353 

P AHLUN, in Sweden, automoUte of, M 
^ — gadolinite of, 43 

— mica-schist of, 242 

— pyrites of, 358 

Fahrnleiten, in the Fichtelgebirge, gra- 
nulite-gneiss of, 239 
Faroe, ap<>pi>yllite of, 30 

— chabasite of, 31 

— heulandite of, 33 

— laumontite of, 32 

— stilbite of, 33 

> D 
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FAS 

FassH Thai, apophyllite of, 3Q 

— nnpite-porphyry of, IM 

— chabasite of. SI 

— heulandite of, 23 

— idocrase of, 41 

— melaphyre of, lfi3 

— prehnite of, 31 

— stilbite of, M 

Fetlar, Island of, chromic iroii*ore of. 62 
Fezzan, in North Africa, trona of, 252 
Fichtelgebirge, aphanite of the. UiS 

— chiastolite-Rchist of the, 251 

— chlorite-schist of the. 250 

— diabase of the, 147-149 

— eklogitea of the, aiE 

— gneiss of the, 239 

— granite of the, 202, 205. 2£il 

— prannlite-jrTiMss of the, 22^ 

— graphite of the. Z5 

— hornblende-schist of, 253. 254 

— mica-Hchist of the, 242, 243, 2AA 

— porphyry of, LZD 

— serpentine of the, 315, 21x 

— talc, or steatite of the, Siii 

— zoisite of the, 42 
Fichtenmahle, near Meissen, pitchstone 

of, 224 

Figzan, North Africa, trona of, 53 
Finland, rappakavi (granite) of, 205 

— tantalite of, 4j6 

Floha, in Saxony, porphyry-brcccia of, 

310 

Forfarshire, flagstones of, 300 

— phnnolite of, 201 

I'oja Mountain, in Portugal, foyaite of, 

Fremont, in the Vosges Mountains, mi- 

nette of, 122 
France, bituminous substances of, 72 

— blue porphyry of, 171 

— boracite of, 52 

— calcaire grossier of, 2S2 

— flint in the chalk of^ fi 

— fluor spar of, 63 

— granite of, 2Qfi 

— kersanton of, 175 

— malachite of, fiO 

— menilite of, 22fi 

— polianite of, 65 

— schistous trachyte of, 184 

— siliceous concretions of, 223 

— trachyte of, Ififi 

Franconia, in New Hampshire, mii<pickel 
of, 24 

Frankenberg, in the Erzgebirge, granite- 
porphyry near, 213 



GIA 

Franklin, in New Jersey, franklinite of, 

252 

Franzensbad, in Bohemia, polishing skte 
of, 250 

Frauenstein, granite- porphyry of, 214 
Freiberg, ep«>omite of, 51 

— galena (?f, 20 

— gneiss of, 235. 238 

— granite-porphyry near, 213 

— granular- gneiss of, 223 

— mispickel of, 24 

— porphyry of, 212* 21fi 

— quartz-schist of, 247 

— serpentine near, 317 

— wavellite near, 55 

Fried richsroda, in the Thuringian Forest, 

porphyry of, 212 
FreienhSuschen, in the Eifel. trachyte 

of, 131 

Frejns, blue porphyry of. 12J 
FUnfkirchen, coal of, 3.'^4 

GADERNHEIM, in the Odenwald, 
kinzigite of, 320 
Gamsigrnd, in Servia, timazite of, 15fi 
Gastein, in the Alps, gneiss of, 223 

— titaniferous iron of. 62 

Gata, Cabo de, in Spain, kinzigite of. 320 
GefreeSjin the Fichtelgebirge, chiastolite- 
schist of, 252 

— gneiss of 239 

— mica-schist near, 242 
Germany, alunogen of, 50 

— amber of, 26 

— bituminous marl of, 222 
shales of, 77, 33a 

— - browncoal clay of, 263 

— clay -slate of, 264 

— compact marl of, 272 

— conglomerate of, 303. 304 

— disilicate of protoxide of iron of, 34 r 

— dolomite of, 289^ 2M 

— gyp^nm of, 2il3 

— hornlels of, 250 

— jasper of, 6 ^ 

— limestones of, 285 

— peat of, 222 

— porphyrites of, 

— sandstone of, 299. 300 

— septarian clay of. 220 

Geysers, Iceland, soluble quartz in the, 5 
Giant's Causeway, Ireland, analcime of 
the, 30 

— basalt of the, 142 

— chabasite of the, 31 
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GLA 

Glaspow, coal of, 332 

Gleichenberjr, in Sty ria, trachyte of, 190 

GInuce.'>tershire, Newent SHodstone of, 

Goldberfr, in the Fichtelgebirge, gneiss 
of. 239 

Goldmiihl, in the Fichtelgebirge, tnica« 

schist near, 2AA 
Gopfers-Griia, in the Fichtelgebirge, talc 

of, 3M 

Gorpeleu, in Hangary, red hematite of, 
3^ 

Go-slHr, in the Hartz, pyrites of, 358 
Got ha, lias sandiitnne of, 2£9 
Gouvemeur, in North America, apatite 
of, 53 

Greenland, columbite of, 4fi 

— cryolite of, 69, 353 

— graphite of, 25 

— onhite of, 43 

— titanite of, 12 

Grerfenstein, in Saxony, topaz of, 35 
Grossenhain, granite-gneiss of, 23S 
Grosdwalteriidorf, near Freiberg, granu- 

lite- gneiss of, 239 
Guipuscoa, in Spain, glaubersalt of, 51 
G Umbel, in Bavaria, ottrelite-schist of, 

256 

Gumuchdagh, in Asia Minor, corundum 
of, 3iil 



HAIDA, in Bohemia, phonoUte near, 

Hainersreuth, in the Fichtelgebirge, 

porphyry of, 170 
H:tinicben, in Saxony, coal of, 333, 

331 

Hammond, zircon of, U 
Hampshire, clay of, 270 
Hampshire, New, misplckel of, 24 
Ilanau on the Maine, semi-opal of, 349 
Handerluo, near Schemnitz, granitic tra- 
chyte of, ISi 
Hanover, boracite of, 52 
Hanover, in North America, hornblende- 

schist of, 251 
Hiiring, in the Tyrol, eocene coals of, 
33Q 

Hart ban, near Chemnitz, chlorite-schist 
of, 25D 

Hartz Mountain?, clay-slate of the, 2fifi 

— conglomerate of the, 3fll 

— diabase of the, 149 

— fluor-spar of the. 351 

— galena of the, 20 
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Hartz Mountains — continued 

— granitite of the Brocken of the, 
207 

— graphite of the. 25 

— hausmannite of the, fil 

— labradorite, porphyry of the, IfiQ 

— inelaphyre of the, 163, 166 

— mangaiiite of the, 6fi 

— melaphyre of the, 163 

— porphyrite of the, 170 

— pyrites of the, 358 

— schiller-rock of the Baste in the, 
315 

— schiller-spar of the, 19 

— wernerite rock of tlie, 222 
Uaslau, near Eger, egeran of, 318 
Hastings, sand of, 299 
Heidtr-lberg, granite near, 202 

— granular limestone near, 278 
Herges, in the Thuriugian Forest, apha- 

nite of, 159 
Hermsdorf, in the Erzgebirge, porphyry 
of, 2ifi 

Herren-Gmnd, in Hungary, gypeum of, 
293 

Herrnhnt, in Saxony, granulite of, 231 
Hessen, browncoal of, 330 

— dolerite of, L35 

— trachyte of, Um 
Hinterbriihl, talc-schist of, 252 
Hitteroe, in Norway, orthite of, 13 

— gadolinite of, 43 

Hliniker Valley, in Hungary, milUtone- 
porphyry of, Ifil 

— trachyte-porphyry of, IM 
Hoboken, New Jersey, chromic iron-ore 

of, £2 

Hochberg, near Eger, granulite-gneisa 
of, 239 

Hoch-Eppen, porphyry of, 218 
Hof, in the Fichtelgebirge, hornblende- 
schist of, 251 

— mica-schist near, 213 

Hofles, near Eiger, granite-gneiss of, 
238 

Hou:an, phonolite-tufa of, 309 

Hohenelbe, porphyrite near, 120 

HoUenmiihle, in Saxony, hypersthenite 
of, 152 

Holstein, boracite of, 52 

Huhnberge, in the Thuringiin Forest, 
diorite ol, 155 

HUhnerhof, in the Fichtelgebirge, mica- 
schist near, 243 

Hungary, aiuiiite of, 52, 30^) 

— antimony-glance of, 357 

D 2 
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Hungary — continued 

— basalt of, Hil 

— carbonate of manganese of, 354 

— coal of, 334 

— P7P»um of, 293 

— miilatone porphyry of, 184 

— perliie of, IM 

— natron of, a3 

— nitre of, £ih 

— olignclas« of, 11 

— opal of, 8^ 3Qa 

— perlite of, 196 

— pyrites of, 35S 

— red hemaiiie of, 343 

— rhodouiie of, 35ii 

— talcschist of. 232 

— timazites of, 161 

— trachyte of, 184i 1^ 

— trachyte- porpljyry of, 184. 185, 195 
Hutberg, near lireiideu, boriibleude-por- 

pbyrite of, 112. 

TCELAND, apophyllite of, 3Q 
X heulandite of, 33 

— obsidian and pumice- stoae of, 1^ 

— stilbite of, 33 

— siliceous tuff of, 343 

— soluble quartz in the geysers of, 5 

— iracliyte of, 1S4 

— trachyte- porphyry of, 135 
Idria, epsomite of, 51 

Ihlefeld, in the Hartz, hausmannite of, 
64 

— manpanite of, 66 

lifeld, manganese-ores of, 357 

— melaphyre of, lfi5 

— porphyrite of, 170 

Ilmenau, In Tburingia, braanite near, 
M 

— coal of, 333 

— common felspar of, ID 

— hausmannite of, 

— manganese-ores of, 357 

— mangiinite of, 66 

— melaphyre near, 164 

— porpliyry near, 213 

Umensee, near Miask, titaniferons iron 
of, 63 

Indies, East, hi»lopite of the, 22S 

— laterite of the, 312 

— nitre of the, 55 

— nnmmulitic limestone of the, 283 
Ireland, analcime of, 3Q 

— chwhasite of, 31 

— CQpriterou^ sandstone of, 3QQ 



KAP 

Ireland — continued 

— felspar of, IQ 

— freestone of, 2^ 

— fyalite of, 3i 

— garnet of, 

— granite of, 206 

— granular lime-tone of, 223 

— limestone of. 273 

— phillipsite of, 32 

I»chia, tracliytic rocks of, 1S5 
I«erlohn, galmey of, 35fi 
Istria, sandstone of, 222 
Itabira, in Brazil, itabirite of, 343 

— moorshead rock of, 343 
lucolumi Mountain, near Villa Bica, 

itacolnmite of, 243 
Italy, alum-stone of, 52^ 309 

— barytes of, 4S 

— gabbro of, 151 

— gypsum of, 223 

— marl of, 213 

— mellilite of, 42 

— nitre of, 55 

— sandstone of, 222 

— trachyte of, 1211 

— travertine of, 232 



JAEUBEN, in Bohemia, phonolite of, 
2M 

Jena, celestine of, 4S 

Jersey, New, franklinite of, 35Z 

— vivianite of, 54 

— zircon of, 41 

Johanneeorgenstadt,iu Saxonj, polianite 
of, 65 



KAISERSTUHL, in Brisgao, grannlar 
limestone of, 218 
Kaiserstuhl, in Baden, pyrochlore of, 
45 

— perofskite at, 45 
Kaiserstuhl, sodalite of, 14 

— trachvte of, 1211 

Kamtnerbiihl, in Bohemia, basalt of, 
141 

Kamtschatka, siliceous tuff of, 349 

— tracbydolerite of, 122 

Kandern, on the Schwarzwald, disilicate 
of protoxide of iron of, ^^fi 

Ka nsas, nacritide of, 244 

Kapnik, in Hungary, carbonite of man- 
ganese of, 354 

Kappellenberg, trachyte of, 12fi 
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KAS 

Easbe^k, in the Caucasus, trachyte of, 
188 

Kn-schau, in Han/;ary, opal of, 3Dd 
Katherineiiburg, chrysolite of, ^ 
Kitzhutte, in the Thuringiau Forest, 

oilrttone of, 2£A 
Keinnath, porphyry near, 21B 
Kerberiidorf, near Eger, granite of, 205. 
Killan, in Ireland, garnet of, 40 
Killiney Bay, spodnmene of, 22 
Kiiniacolin, iu Kenfrewshire, natrolite of, 

32 

Kil Patrick Hills, scolecite of the, 3^ 
Kilpatrick, in Dumbartooithire, thorn- 

sonite of, ^ 
•Kinzig, in the Black Forest, kinzigite 

of, 32D 
Kirki udbright, zircon of, 11 
Kleinlinden, mangtinese-ores of, 3^ 
Klobenstein, in baxony, garnet rock of 

the, aia 

Klumpsen Mountain, in Oberlaositz, 

diorite of the, 
Koiigbberg, in Norway, analcime of, 20 

— axinite of, 44 

— inispickel of, 24 

Korbach, in the Fichtelgebirge, mica- 
schist near, 242 

Korgon, in the Altai Mountains, porphy- 
rite of, 120 

Kozelniker Valley, near Scbemnitz, tra- 
chyte of the, IM 

Krageriie, in Norway, phosphorite of, 
353 

Kremnitz, in Huneary, trachyte of, 1B4 
Kriebstein, dichroite rock near, 320 
Kronherg, near Erbeudorf, porphyry of, 
218 

Kruininau, in Bohemia, granulite of, 
221 

Elinlsbrunnen, in the Siebengebirge, tra- 
chyte of, m 

Kusstein, in Tyrol, ostnea limestone of 
the, 2ii3 

LAACHERSEE, titanite of, 42 
Lugoda Lake, wernerite of the, 222 
Laiin, melaphyre of, IM 
Landslmt, in Silesia, melaphyre of, Ififi 
LiingenHtriegis, near Freiberg, wavelliie 
of. 55 

Lauensiein, in the Erzgebirge, gneiss of, 
Lanrvig, in Norway, zircon-syenite of, 
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LYO 

Lauterbach, near Marienberg, granulite- 

gneiss of, 2M 
Lehnau, near Kemnath, porphyry of, 

215 

Lehsten, in the Thnringian Forest, roof- 
ing slate of, 2M 

Leitlia Mountains, conglomerate of the, 
303 

— limestone of the, 2B2 
Lemberg, amber of, 2fi 
Lengefeld, gneins of, 238 
Lenne-Gebiet, in Westphalia, porphyrite 

of, 110 

Le»chtina, Bohemia, basalt of, 141 
Leukcrsdorf, in Saxony, porphyry of, 
217 

Lherz, Lake, in the Pyrenees, augite 

rock of the, 149 
Liebenstein. in the Thuringiau Forest, 

granite- pnrphyry of, 213 
Limbges, kaolin of, 13 
Linares, galena of, 70 
Liorant, in Cuntal, trachyte of, l&fi 
Li pari Islands, perlite of the, 184, 

Iflfi 

— obsidian and pumice-stone of the, 
197 

Lippersdorf. gneiss of, 23S 
Liscanera, Island of, trachydolerite of, 
1^ 

Littnitz, in Bohemia, marcasite of, 357 
Lizard's Point, Cornwall, sapooite of, 
2& 

Llandeilo, flags of, 301 

Llandovery, sandstone of, 301 

Lobau, in Saxony, apatite of, 53 

LobejUn, coal of, 333 

Lochwinnock, in Renfrewshire, thom- 

sonite of, 31 
Lomb.irdy, trachyte of, 134 

— trachyte- porphyry of, 
London, clay of, 270 
Lowenberg, melaphyre of, Ififi 
Lowenburg, in the Siebengebirge, trachy- 
dolerite of the rock of the. 1^ 

Lozere, fraidonite of the, 175 
Ludwigstadt, in the Thuringiau Forest, 

carbonaceous schist of, 253 
Ludlow, sandstone of, 30 1 
Lugano, porphyrite near, 170 
LUneburg, Hanover, boracite of, 52 
Luneville, in France, boracite of, 52 
Luschitz, in Bohemia, mellite of, 21 
Luxembourg, ottrelite of, 21 
Lyons, granite near, 2Qfi 

— malachite near, fiO 
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MAGDEBURG, boracite of, 52 
— rtK-k-siilt near, 332 
Mfl^rka, in Hungary, antitnonj-glance 

of, 351 

Manebach, in the Thnringian Forest, 

porphyry of, 218. 21fl 
Mairacaiho, in Peru, trona of, 53 
Marebach, apiianite of, L52 
Margola, roc k of the summit of the, 164 
Marianna, in Brazil, moorahead rock of, 

Miineuborg, in Bohemia, granuHte- 
gneiss of, 232 

— phonolite cf, 200 

MariiMiherg, in Saxony, porphyrite- 

wacke' of, 111 
Markersdorff, in Bohemia, bitnminoas 

HubstanceH of, 72 
Marmarus, in Hungary, red hematite of, 

343 

Maasachn^^etts, chabasite of, 31 

— columbite of, 4£ 

— rutile of, fifi 

— Titanite of, 47 

Matlock, in Derbyshire, smithsonite of, 
M 

Matitem, near M(51k, granulite-gneiss of, 
232 

Mayenre basin, limestone of the, 282 

— inarl of the, 223 

— sandstone of the, 222 

Metriren, in the Sennethal, barytes of, 
352 

Mfissen, in Saxony, granite of, 207 

— granular limeHtiine near. 278 

— honiblende-sciiist near. 253 

— mica-porphyritP of, 173 

— pitchstone ot', 225 

— quartz- porphyry of, 212 
Melfi, haliynophyry of, lAl 

— leucite of, 186 

Menaccan, in Cornwall, iitaniferoas iron 
of, 61 

Mendip Hills, smithsonite of, 34 
Menil Montant, Paris, menilite found at, 
8 

>Ien>nitz, in Bavaria, opal of, 349 
MeisKuer, in Hesse, browiicoal of, 33Q 
I^Iessncr Mountain, in Hes^ten, dolerite 
of, 135 

Mexico, obsidian and pumice-stone of, 
122 

— perlite of, 126 

— trachyte of, 186 
Miask, pyrtwhlore of, 45 

— titaniferous iron near, 63 



NAS 

Mi€«Hacb, Molas&e coal of, 330 
Milcsthauer, in Bohemia, phonolite of, 
2110 

Milo Isles, alnnogen of, 5(1 

MiUburg, on the Rhon Mountain, plio- 

nulite of, 2110 
Miltitz, near Meissen, granular limestone 

of, 228 

— hornblende-schist of, 253 
Mittelgebirge, in Bohemia, basalt of the, 

142 

— phonolite of the, 187, 2QQ 

— titanite of the, 42 

Mittweida, in Saxony, grannlite of, 231. 
232 

Mohorn,,near Freiberg, pitchstone>por- 
phyry of, 225 

— porphyry of, 217 

Molina, in Aragon, aragonite of, 58 
Molk, granulite-gneiss near, 232 
Moiidhalde, at the Kaiserstohl, trachyte 
of, 12Q 

Mon6na, Rocca, leucite of, 186 

— trachyte dolerite of, 122 
Montabaur, in Nassau, trachyte of, 186 
Montdore, Auvergne, aluntte of, 52 
M<mt6 Rosa, granite of, 207 
Montmnrtre, Paris, siliceous concretions 

of, 222 
Monzoni, pleonaste of, 61 
Moravia, lepidollfe of, 355 
Moritxburg, in Saxony, granite of, 2Q1 

— granite-gneiss near, 238 
Morocco, nummulitic limestone of, 283 
Monme Mountains, Ireland, beryl of, 33 

— common felspar of, IQ 

— fayalite of, 38 

— topaz of, 35 

Miihlhausen, in Thnringia, peat-beds of, 
328 

Mulatto, porphyritic rocks of, 170 
MUuchberg, in the Fichtelgebirge, eklo- 
gites of the, 318. 312 

— granulite-gneiss near, 232 

— hornblende^schist of, 253 
Mursiusk, in Siberia, topaz of, 35 
Mussa Alp, Piedmont, idocrase of, 41 
Muzay, Hungary, alunite of, 52 
Muzo, in Columbia, beryl of, 32 

NAGYAG, in Transylvania, trachyte 
of, 186 
Nassau, palagonite of, 12 

— schalstein of, 310. 311 

— trachyte of, 186 
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NAT 

Natolia, meerschaum of, 354 
Naxos, corundum of, 251 

— emery of, 8 

Negroponte, meerschaum of, 354 
Neurode, in Sile&ia, lijperstiienite of, 
152 

— trouUtone of, 316 

Neusohl, trachyte-porphjry of the 

Schlosfiberg ot, 195 
Newcastle, coal of, 322 
Niedermendi^, on the Bhine, basaltic 

lava of, lAl 

— corundum of, fi 

— haSyne of, L5 

Niederhchona, near Freiberg, granite- 
porphyry of, Jii3 

Kile, jasper in the sand of the, Q 

Kiichne-Tagilk, in the Ural, dolomite 
of, 2m 

Norway, axinite of, M 

— gadolinite of, ^ 

— magnetic ironstone of, 345 

— mispickel of, 2A 

— norite of, 156 

— orthite of, 43 

— phosphorite of, 353 

— porpbyrite of, 1 ZO 

— potstone of, 251 

— pyrochl(»e of, 45 

— woblerite of, 4fi 

— zirc<Ki of, 41 

— zircon-syenite of, 181 
No»sen, schalstein near, 311 
Nuovo, Monte, leucite of, i&5 

— trachyte of, IM 



OBERHASLI, in the Alps, gneiss of, 
239 

Oberhohndorf, coals of, 333 
Oberlausitz, in Bohemia, aphanite of, 
161 

— diorite of, 155 

— phonolite of, 2M 

Oberpfalz of Bavaria, apatite of the, 53 
Ober-Pobel, near Altenberg, greisen of, 
321 

Oberstein, harmotome of, 32 

— characteristics of amygdaloid of, IM 

— melapbyre near, IM 
OberweisHentlial, in the Erzgebirge, 

actinulite-iichist of, 254 
Ochsenkopf, iu the Erzgebirge, corun- 
dum of, 351 

— granite of, 205 

— talc-scbittt of, 252 



FEB 

Odenwald, granite of, 20Z 

— kinzigite of the, 320 

— porphyry of the, 212 
Oederan, in Saxony, minette of, 1 lA 

— porpliyry of, 21S 

Oehren&tock, near Ilmenau, bratmite of, 
64 

— manganite of, 6fi 

Ofen, in Hungary, perlite of, IM 
Oisans, St. Gutthard, axlnite of, 44 
Olibano, Moute, near Pozzuoli, trachyte 
of, 190 

Orizaba, Mount, in Mexico, trachyte of, 
Ififi 

Oschatz, bituminous shale of, 338 
Osiiabruck, anthracite of, 3M 

PALAGONIA, in Sicily, tufa of, 303 
I'argas, apatite of, 53 

— crystals of hornblende and pyroxene 
disseminated in limestone rocks in 
the, 21 

Paria, in Italy, gypsum of, 293 
Paris, glauconite of, 21 

— gypsum of, 293 

— njenilite, 8. 279,349 

— millstones of the Paris basin, 850 
Paris basin, calcaire grossier of the, 

282 

— plastic clay of the, 220 

Partenkirchen, iu Bavaria, nodular lime- 
stone of, 230 

Passau, on the Danube, gneiss of, 
239 

— granite of, 207 

— graphite of, 33fi 

— kaulin of, 14 

Pasto, volcano of, alonogen of, 50 

— trachyte of, IB5 

Paterno, Monte, near bologna, barytes 

of, 43 
Pausilippo tufa, 309 
Pelegrin, in Tyrol, porphyry of, 213 
Pennig, in Saxony, granulite of, 231 

— hypersthene of, 19 
Pennsylvania, naphtha of, 71 
Pentland Hills, near Edinburgh, por- 
phyry of the, 170 

Perlenhardt, in the Siebengebirge, tra- 
chyte of, 135 
Persia, naphtha of, 21 

— nuuimulitic limestone of, 233 

— turquoise of, 54 
Peru, glauberite of, 49 

— trona of, 59 
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PET 

Peterhead, spodumene of, 22 ' 
PbelegrUi, Campi, trachytic rocks of the, 
1&5 

Pic Blanc. Monte Roea chain, granite of 
the, 202 

Picota Mountain, in Portugal, fojaite of, 
IM 

Picton-nob, in North America, specular 

iron of, 34. 
Pieiiinom, itiucrase of, 41 
Pike's Peak, in Kanhas, nacrite of, 

24^ 

Piochincha, andesite of, 192 

Planitz. in Saxon;, burnt i»hale of, 339 

— fel»ite-balU of, 224, 225 
Planschwitz, in Sazunj, greenstone-tufa 

of, 310 

Platten, in Bohemia, polianite of, 65 
Planenschen-Grund, near Dresden, horn- 
blende- p«>rph3rrite of the, 122 

— syenite of the, I76i 178^ Ul 
Plombi^res, apophyilite of, 

— fluor-spar of, fiS 

Pol wand, near Saalfeld, nodular lime- 
stone of, 2S1 

Pontellaria, fibrouB trachyte of the, 
LM 

Pont Jean, in the Vosges Mountains, 

diorite of, 156 
Ponza Islands, trachjte-porphjry of the, 

184, 195 
Popayan, trachyte near, 186 
J*opocatapeil, Mount, trachyte of, LSfi 
Poppenrent, near Munchberg, granulite- 

^ueisM* of, 239 
Potschappel, near Dresden, hornblende- 

porphyrite of, 171 
Portland, hand nf, 2^ 

— stone of, 280, 284 
Portugal, foyaite of, ISJ 

— itaiolumite o^, 2^ 
Pozzuoli, trachyte near, 19Q 
Predazzo, in the Tyrol, chalcopjrite of, 

2i 

— granite of, 207 

— lievrite of, 31 

— nralite of, 18 

Prese, La, in Upper Italy, gahbro of, 

m 

Prussia, Rhenish, zircon of, 41 
Pnrace, near Popayan, trachyte of, 
186 ' 

Pusu, Island of, in the Ladoga Lake, 
wernerite of, 222 

Puy de Chaumont, near Clermont, tra- 
chyte of, IM 



ROS 

Puy de Dome, domite of the, 1^ 188 

— olifToclase of, 1&6 

— trachyte of the, 191 
Pyrenees, augite rock of tiie, 149 

QUIMPER, in BritUny, keraanton of, 
175 

Quito, mud-streams of, 202 



RABEN KLIPPEN. in the Hartz, 
melaphyre of, 166 

Rabenau, in Saxony, pneiss of, 233 
HabertsUau&en, in Ue&j^ea, trachyte of, 

\m 

Radeberg, near Dresden, gneiss of, 2M 
Kafle(^rube, near Freiberg, gneiss of, 

238 

Kadoboj, in Croatia, sulphur of, 358 
Raibl, in Garinthia, Kmithsnnite of, M 
Rathlin, Island of. in Ireland, granular 

limestone of, 278 
RaubHchloHijchen, near Weinheim, por- 
phyry of, 2ia 
ISedwitz, in the Fichtelgebirge, gneiss of, 
23a 

— granite near, 2125 

Repenberp, in the Thuringian Forest, 

porphyry of, 217^ 21fi 
Reiclieiibach, in Voigtland, alum-schbt 

of, 252 

Rhine, basaltic lava of the, Hi 

— corundum of the, 8 

— cypris-blate of the, 266 

— hatiyne of the, 15 

— itacolumite of the, 249 

— titanite of the, 42 

Rhon Mountain, phonolite of, 2QQ. 

Riccamonfina, in the Albanian Moun- 
tains, leucite rock of, IA3 

Richenstein, in Silesia, leucopyrite of, 
23 

Rieden, leucite rock of, 143 
Riesengebir^, granitite of the, 207 

— malakoiite of the, IA9 

Rio Tinio, in Spain, pyrites of, 358 
Rocklitz,in theRiesengebirge, malakoiite 

of, 149 
Rome, alunite near, 52 

— mellilite of, 42 

— phillipsite near, 32 

Rosenau, in Hungary, rhodonite of, 
356 

Rosswein, in Saxony, gahbro of, 151 

— granulite of, 231 
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Kottleberode, in the Hartz, flaor-spar of, 

Bovi^, near Lagano, porphyrite of, 170 
Rozena, in Moravia, lepidolite of, 355 
Ruaiburg, in Bohemia, granite of, 202, 
202 

Ru8:jia, black earth of Southern, 340 

— cupriferous sandstone of, 300 

— gypsum of, 233 

— malachite of, 354 

— steppe-limestone of, 2fi2 - 

— rolborthite of, 42 

Koszkberg, in the Banat, coal of, 334 

SAAFELD, nodnlar limestone near, 
2ai 

Saaiburg, diabase of, 147 

Saar bracken, Bohemia, alum of, 50. 

Sageritz, near Gro8s»eiihain, granite- 
gneiss of, 23a 

Saidhchutz, in Bohemia, epsomite of, ^ 

Sainte J^Iahe, in the Vosges, kersanite 
of, llfi 

Salzburg, beryl of, 39 

Sau-Alp, in Styria, eklogite of the, 318 

Sautina, diorite of, 155 

Savoy, aphanite of, 15S 

Saxony, alunogen of, 50 

— apatite of, 53 

— basalt of, 140 

— burnt siiale of, 332 

— chlorite of, 25 

— coals of, 333 

— conglomerate of, 303 

— cordierite of, 44 

— dichroite-rock of, 320 

— felsite-balls ot^ 224 

— felstone of, 222 

— ferreo-liihoinarge of, 35fi 

— j;abbro of, 151 

— garnet-rock of, 313 

— gneiss of, 238. 239 

— granite of, 206, 207 

— granular limestone of, 222 

— granuhte of, 231 

— green porphyry of, 214 

— greenstone-tufa, aiQ 

— hornblende-porphyrite of, 171, 172 

— hyperslhene of, 1^ 

— hypersthenite of, 152 

— idocra.se of, 42 

— kaolin of, 3^ 

— pycnlte of, 3M 

— limestone of, 283 

— magnetic ironstone of, 345 
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Saxony — continued 

— marcasite of, 23 
— 'marl of, 273 

— mica-schist of, 244 

— mica-porphyrite of, 173 

— minette of, 124 

— nodular or spotted schist of, 252 

— occurrence of emery in, 8 

— orthite of, 43 

— polianite of, fi5 

— porphyrite-wackd of, 121 

— porphyry of, 212 

— porphyry-tuff of, 309, 310 

— pyrope of, 4 1 

— quartz- porphyry of, 217 

— sandstone of, 222 

— scborlaceoos schist of, 323 

— serpentine of. 317 

— syenite of, 176^ 178^ 122 

— topaz of, 35, 35 
Scandinavia, limestone of, 286 
Schaumberg, iholeite of the, 138 
Schellerhau, in the Erzgebirge, granite* 

porphyry of, 213 
Scbemnitz, in Hungary, agalmatolite 
near, 354 

— diorite of, 155 

— granitic trachyte of, 134 

— i^rlite of, 184, 196 

— timazites of, Ifil 

— trachyte of, 184, lEfi 

— trachyte-porphyry of, 195 
Schivelutsch, in Kamtscbatka, traehy- 

doierite of the, 122 
Schlag^enwald, greisen of the, 321 
Schleusenthal, in the Thuringiati Forest, 

melaphyre of, 164 
Schlossberg, Saxony, basalt of, 140 
Schloitzbachihal, in Saxony, granite of, 

20fi 

Schmiedefeld, in the Thuringian Forest, 
granite porphyry of, 213 

— magnetic ironstone of, 345 

— melaphyre near, 167 
Schmiillnitz, in Hungary, pyrites of, 

358 

Schneckenstein, in the Voigtland, topaz 

rock of the, 324 
Schneeberg, in the Erzgebirge, granite 

of, 20fi 

Schneeberg, in the Fichtelgebirge, gra- 
nulite-gneiss of tlie, 232 

Schneekopf, in the Thuringian Forest, 
porphyry of, 218 

Schneidemtillersberg, near Ilmenan, me- 
laphyre of, 164 
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Sclionfeld, in the Ensgebirge, anthracite 
of, 335 

Schwarsbacb, in the Fichtelgebirge, 

cblorite-schist of, 2^ 
Schwarzenbach, in the Fichtelgebirge, 

inica-8chiHt of, 2A2 
Schwarzenberg, in Saxony, garueUrock 

ntar, ai2 

Schwartzenbergf, in the Erzgebirge, 
gneiss of, 238 

— talc-Kcliint of, 252 

Schwarzeiif -U, in the Erzgebirge, quartz. 

breccia of, 305 
Schwarzwald, common quartz in the 

8arlf^^tone of, 6 

— di.siUcate of protoxide of iron of the, 
34 G 

Scotland, analcime of, 29 

— basalt of, 142 

— cannel or ]>arrat-coal of, 332 

— carboniferous ironstone, or biackband 
of, 3ifi 

— hjpertithenite of, L52 

— laumontite of, 32 

— natrolite of, 32 

— phonolite of, 2D1 

— porphyry of, i2Q 

— prehnite of, 31 

— sandstone of, 300 

— thomsonite of, 31 

— titanite of, 47 

Seegeberp, in Htilstein, boracite of, 52 
Seerenbach, near Tbarand, gneiss of, 232 
Seisser Alp, analcime of the, 3Q 

— inelaphyre of, 163 
Sfrvia, tiinazite of, IM 

fSlielburne, in Massachusetts, mtile of, Gfi 
Shrnpdhire, stiper stones of, 301 
Siberia, epsoniite of, ^ 

— malachite of, gO 

— topHZ of, 35 
Sicily, analcime of, 30 

— gypsum of, 293 

— pulagnnite of, 19 

— tufa of, 308, 309 
Siebengebirge, trachyte of the, 186. 188, 

191 

— trachydolerite of the, 192 
Siebenhelm, near Freil>erg, serpentine of, 

317 

— gabbro of, 151 
Siegburg, dolerite of, 135 
Siegen, polianite of, (15 

Silesia, corundum in the granite of, E 

— galena of, Tfl 

— hypersthenite of, 152 



STE 

Silesia — continued 

— leucopyrite of, 23 

— melaphyre of, 164. Ififi 

— native coke or anthracite of, 334 

— pebbles of, 10^ 

— porpliyry of. 219 

— smithsonite of, 3A 

Silthal in Transylvania, coal of, 334 
Skiddaw, in Cumberland, cbiastoiibe- 

schist uf, 252 
SkutAch, in Buhemia, amber of, 2fi 
Skye, Isle of, heulandite of, 33 

— hypersthene of, 19 

— hypersthenite of, 152 

— labradorite of the, II 

Slat>)U8t, in the Urai, perofskite of, 45 
Soletiiiofen, in Bavaria, slaiy limestone 
of, 281 

Somma, Monte, anorthite in the lavas 
of, 12 

— leucite rock of, 143, 186 

— meiunice of, 42 

— spinel «f, 61 

Sonnenberg, in Bohemia, gneiss of, 238 
Sonnerberg, in the Tlmringian Forebi, 

pencil-slate of, 264 
Sooe, in Bohemia, polishing slate of^ 350 
Spain, aragonite of. 53 

— cinnabar of, 353 

— galena of, 20 

— glrtuberite of, 49 

— gUul)erhalt of, 51 

— itaci)lumite of. 249 

— kinzigite of, 32Q 

— nitre of, 55 

— pyrites of, 35S 

SpecLt^hausen, in Saxony, felsite>balls 
of, 224 

— pitchstone-porphyry of, 225 
StaSa, basalt of, L42 

— Rcolecite of, 33 
Staffordshire, coals of, 332 

— peldon of, 293 

St. Agnes, Cornwall, vivianite of, 5A 
Stant^en Alf, in Styria, anthracite of, 
336 

Stassfurt, near Magdeburg, boracite of, 
52 

St. Anstell, Cornwall, common quartz 
of, 5 

Steindorf, in the Banat, co9\ of. 334 
Steingriin, near Eger, gneiss of, 239 
Steinlmide, in the Thuringian Fvrest, 

sandstone of, 297 
Stemzelberg, in the Siebengebirge, tra- 
chyte of, 186, 188, 191 
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St. Gall, pebbles of, 102 
St. Got than], axinite of, ^ 

— adularia at, 9 

— corundum of, 8 

— fltior-spac of, 62 

— gnei.^-s of, 239 

— gypsum of, 292, 293 

— paragonite-schist of, 244 

— tourmaline near, 21 

St. Loretta, in the Leitha Monntaina, 

conglomerate of, 303 
Stiickhohn, oligoclase of, Li 
Stolpen, btisalt near, 140 
St. Ouen, Faritf, biliceous concretions of, 

279 

Strassberg, in the Hartz, fluor-spar of, 

ail 

Strassfurt, near Magdeburg, rock-salt 
of, 352 

— boracite of, 353 
Stroinboli, dolerite of, 137 

— trachydolerite of, liiii 
Strontian, Argyleshire, titanite of, 41 
St. Stephen's, in Cornwall, kaolin of, 13 
Styria, nnthracite of, 336 

— eklogite of, aiS 

— fullers' earth of, 35fi 

— graphite of, 7A 

— paragonite of, 58 

— iracliyte of, IM 

St. Trieix, near Limoges, kaolin of, 
13 

Suggsvillc, in North America, orbitoidal 

limestone of, 283 
Sussex, Weald clay of, 2111 
Swabia, barytes of, 48 

— celestine of, 48 

— clays of, 270 

— dolomite of, 289, 290 

— marl of, 273, 22A 

— sandatone of, 299 
Swarzenberg, Saxony, idocrase of, 42 
Sweden, automoliie of, £1 

— eulisiie of, 319 

— felsite-schist of, 222 

— heulandite of, 33 

— gadolinite of, 43 

— hypersthenite of, 152 

— idocrase of, 41 

— magnetic ironstone of, 345 

— njica-schist of, 242 

— porpbyrite of, 170 

— pyrites of, 358 

— spoduinene of, 22 

— btilbite of, 33 

— tautaliie of, 4fi 
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THU 

Sweetwater River, Rocky Mountains, 
trona of, 59 

Switzerland, common quartz in the gra- 
nites of, 6 

— glarus-slate of, 266 

— gypsum of, 293 

— sandstone of, 292 

— staurotide of, 3fi 

Syra, island of, eklogite of the, 318 



TABARZ, in the Thuringian Forest, 

aphanite of, 159 
Takli, in the £ast Indies, hislopite of, 
228 

Tannebergstlial, in the Erzgebirge, por- 
phyry of, 217 
Tarapaca, in Pern, glanberite of. 49 
Taniowitz, in Silesia, galena of, 7D 

— galtivey of, 356 

— smiibsonite of, 34 

Taunus, sericite-schist of the, 256 
Telkebdnya, in Hungary, perlit« of, 184 

— perlite of, 19fi 

Teneriife, peak of, obsidian and pumice- 
stone of the, 192 

— trachydolerite of, 192 

— trachyte of the, 186i 1^3 

— tufa of, 309 

TernuHT, in the Vosges, aphanite of, 

Teschen, variety of diabase of, 148 
Tet.^chen, in Bohemia, phouolite, near, 
200 

Teufelsstein, in Saxony, garnet- rock of 
the, 319 

Tharand, in Saxony, felsite-balls near, 
224 

— felstone near, 222 

— gneiss of, 239 

— granite near, 206 

— marcjisite of, 73 

— quartz-porphyry of, 217 
Thibet, borax of, 53 

Thurinfijian Forest, aphanite of the, 159 

— carbonaceous schist of the, 252 

— conglomerate of the, 303, 304 

— diorite of the, 155 

— dolomite of the, 290 

— dolomitic sand of the, 290 

— granite-porphyry of the, 207, 213 

— haunmannite of the, 64 

— kaolin-sandstone of the, 297 

— magnetic ironstone of the, 345 

— manganite of the. 56 

— marl of ihe, 274 
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Thuringian Forest — continued 

— meUphyre of the, 163, IM 

— mellite of the, 21 

— miacytan clay of the, 270 

— micA-porphyrite of the, 123 

— oiUtone of the, 2&h 

— pc;it-beds of the, 22fi 
^ j»encil-siate of the, 2M 

— j)orous limestonft of the, 281 

— porphyries of the, 2iL 218, 213 

— quartz-porphyry of the, 217 

— qaartz-porpliyries aud mica-porphy- 
ries of the, 131 

— roofinc-slate of the, 

— shale of the, 251 

— white or grey tiaodstone of the, 300 
Tokay, in Hungary, perlite of, 196 

— trachyte of, IM 

Tolfa, La, luly, alum-stone of, 309, 

— trachyte of, lft4 

— trachytic rocks of, IM 

Toliina, in South America, trachyte of, 
186 

Toluca, Mount, in Mexico, trachyte of, 
IM 

Tolz, Molasse coal of, 33Q 

Totun Fjeld, in Norway, orthite of, 

Transylvania, coal of, 33^ 

— porphyry of, 213 

— pyrites of, 358 

— sandstone of, 296 

— syenite of, 179 

— trachyte of, 186, 131 

— w'dhlerite of, 4ii 

Trebendorf, near Eger, granite of, 205 
Trevalgan, Cornwall, tourmaline of, 3a 
Triebisch Thai, near Meissen, pitch- 
stone of the, 225 
Trinidad, asphalte of, 27 

— bitumen of, 332 

Trostburg, in Tyrol, porphyry of, 21 &i 
Tuinilla, apatite of, 53 
Tuiiaberff, in Sweden, eulisite of, 312 
Tunguragua, in South America, tra- 
chyte of, 186 
Turkey, nephrite and jade of, 13 
Tuscany, traihyte of, 184 
Tyrol, amphilogite-schist of the, 2A4 

— chalcopyrite of the, 24 

— crystals of hornblende and pyroxene 
disseminated in the limestone rocks 
in the, 21 

— eocene coals of the, 330 

— granite of the, 202 



VIT 

Tyrol — continued 

— granitite of the, 2D2 

— hypersthene in the, 13 

— lievrite of the, 32 

— melaphyre of the, 164 . 

— oligoclafte of the, 11 

— ostraea limestone of the, 233 

— poriihyrites of the, 162 

— porphyritic rocks of the, 170 

— porphyritic syenite of the, 178 

— porphyry of the, 21fl 

— predazziie of the, 233 

— staurotide of the, 36 

— tonalite of the, 207 

— tufas of the, 31ii 



UNITED STATES, alnnngen of the, 5Q 
Unst, Island of, cLroiiiic iron-ore of 
the, 62 

Ural Mountains, ben^ite of the, 2fl2 

— dolomite of the, 232 

— itiy:;oIumite of the, 2i3 

— mia.scite of the, 180 

— oligoclase- porphyry of the, IfiD 

— perofskite of the, 45 

— talc-schist of the, 252 

— zircon of the, 41 

Uto, in Sweden, apophyllite of, 33 

— spodumene of, 22 

VALENCIA, in Aragon, aragonite of, 
' 58 

V^lay, trachyte of, 134 

Vesuvius, garnet in the lavas of, 40 

— hematite of, 63 

— idocrase in old lavas of> 41 

— leucite of, 136 

— leucite rock of, 143 

— magnetic pyrites in the lavas of, 
22 

— natron of, 69 

— thomsonite in the lavas of, 31 
Vienna basin, tile- or brick-earth of the, 

263 
Vienna- sand, 

Viesembach, in the Vosges Mountains, 

kersanite of, 176 
Villa Rica, itacolumite of, 243 

— moonsheud rock of, 343 

Villa Rubia, in Spain, glauberite of, 
43 

Visena Valley, in Tyrol, porphyritic 

syenite of the, 178 
Viterbo, trachyte of, 134 
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VOI 

Voigtland, chiastolite-schist of, 251 

— alum-schist of. 257 

— diabase of, 149 

— ^anite-gneiss of, 23St 

— topaz ruck of. 22A 
Volturara, near Meifi, haiiyne, of, 1^ 
Vosges, andesine of tlie, 11 

— apatite of the, 1 fiQ 

— conglomerate of the, SQ3 

— diorite of the, 

— inica>diorite of the, 179 

— niinette of the, 113 

— kersanite of the, 176 

— sandstone of the, 300 

Vulture, near Melfi, haUynopbjry of, 
Ul 

— extinct volcano of, leucite of the, 



WACHENBERG, in the Odenwald, 
porphyry of. 211 
Waldenberg, in Silesia, porphyry of, 215 

— native coke or anthiaciie of, 

— pebbles of, Ui3 

Waldheim, in Saxony, serpentine of, 317 
Waldshut, fluor-spar of, OS. 
Wales, oilstone of, 265 

— roofing and pencil-slate of, 2M 
Walfftberg, in Bohemia, basalt of, lAl 
Walpenmth, in the Fichtelgebirge, mica- 
schist near, 212 

W:|rwick, in America, rutile of, fifi 
Wechselburg, in Saxony, gneiss of, 232 

— nodular or spotted schist of, 257 
Weigmannsdorf, in Saxony, gneiss of, 

2M 

Weinheim, porphyry near, 213 

Weisig, near Dresden, hornblende-por- 
phyrite of, 122 

Weis&enborn, gneiss of, 288 

Weisseufels, in Thuringia, kaolin-sand- 
stone of, 292 

Weissritzthal, in Saxony, minette of the, 
III 

Wenlock, sandstone of, 301 
Weser Mountains, bituminous shale of 
the, 338 

Weslau, near Redwitz, granite of, 205 
Westmoreland, limestone of, 285 
Westphalia, conelomerate of, 303 

— Hi Is clay of, 22fl 

— Hiis sandstone of, 299 

— marl of, 273 

— porphyrite of, 170 

— serpulite limestone of, 284 



20B 

Wettin, coals of, 333 

Wexford, garnet of, 

WJiitby, d»»gger sandstone of, 299 

Wicklow, freestone of, 298 

Wiegersdortf, black melaphyre of, 166 

Wiener Neustadt, granulite of the 

Glocknitzer Schossberg at, 231 
Wiersberg, in the Fichtelgebirge, chlo- 

rite-schist of, 25D 
Wight, Isle of, giaucflnite of the, 22 
Wilsdruff, in Stixony, hornblende-por<> 

phyrite of, 121 
Winterstein, in the. Thuringian Forest, 

quartz-porphyry of, 217 
Wittichen, in the Black Forest, kinzigite 

of, 22Q 

Wolkenburg, in the Siebengebirge, tra- 
chyte of,. 186. 188^ 191 
Wtirtemburg, bituminous shale of, 333 
Wurzen, in Saxony, green porphyry of, 
21A 



yORK, New, rutile of, £fi 

Yorkshire, amber on the coast of, 

— dogger sandstone of, 299 

— dolomite of, 299 

ZAUNHAUS, in Saxony, anthracite of, 
336 

— granular limestone of, 277 

— in the Erzgebirge, mica-schist near, 
244 

Zbirow, in Bohemia, wavellite of, 55 
Zealand, New, nephrite and jade of, 13 

— olivine of, 32 

— siliceous tuff of, 349 

Zebernick, in Hungary, talc-schist of, 
252 

Zell, in the Fichtelgebirge, serpeutine of, 
317 

Zelle, near Nossen, schalstein of, 311 

Zermatt, perofskite of, 43 

Ziegenriicken, near Hohenelbe, porphy- 
rite of, 12Q 

Zillerthal, in the Tyrol, amphilogite- 
schist of 244. 

— apatite of. 53 

Zimpan, in Mexico, perlite of, 196 
Zinnwuld, in the Erzgebirge^ greisen of 
the, 321 

Zittau, in Saxony, burnt shale of, 339 
Zoblitz, in the Erzgebirge, serpencine of, 

312 
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Zschopan, the, in Saxony, pranulite of, 

Zweibracken, harmotome of, 22 
Zwickau, in Saxony, burnt shale of, 

— coals of, aaa 



ZWI 

Zwickan- — continved 

— fei»jte balls of, 224^ 225 

— ferreo-lithomarge i»f, 356 

— inica-porphyrite of, ilA 
— .porphyry of, 218 

— pycnite of, 2M 
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ACI 

ACIDIC rocks, 12S 
Actinolite, characteristics and oc- 
currence of, il 

— classy, 12 

Adularia, characteristics and occurrence 

of, 9, 203, 2Q1 
AgalinHtolite, or tigure-stone, occurrence 

of, 354 

A^ate, characteristics and occurrence of, 

G. 351 

Alabaster, characteristics and occurrence 
of, 49 

Albine. See Apophyllite, 311 

Albite, characteristics and occurrence 

of, m 

Allanite, characteristics and occurrence 

of, 4a 
Allogovite, 142 
Alinandine, 40 
Alpinite, 233 

Alum, characteristics and occurrence of, 

50. 

Aluminum, oxides of, 5 
Alum-schist, 2Iil 
Alumstone, 51^ 309, 352 
Al unite, charucteristicji and occurrence 
of, 

Alunogen, characteristics and occurrence 
of, 5Q 

Amber, characteristics and occurrence 
of, U 

Amethyst, colouring matter of, fi 

— occurrence of, 350 
Amphibole. See Hornblende, Ig 
Amphilogite-schist, 244 
Amyp:f1aloid, the term explained, 92 

— of Oberstein described, 166 
Analcime, characteristics and occurrence 

of, 22 
Analcymite, l^S 
Atiarneisite, 134 

Andalusite section of minerals, 34 

— ciiuracterislics and occarrence of, 34 
Andesine, composition and occurrence 

of, U 



BAR 

Andesite, 185, Ul 

Anhydrite, characteristics and occur- 
rence of, 48^ 290, 2^ 

Ankerite, characteristics and occurrence 
of, 57i 355 

Anorthite, characteristics and occur- 
rence of, 12 

Anthracite, characteristics and occur- 
rence of, 335 

Anthraconite, 277 

Antimony-glance, occurrence of, 357 
Apatite, characteribtics aud occurrence 
of, 53 

Aphanite, characteristics and occurrence 
of, 152 

— varieties in texture of, 158 

in coinpoiiilion of, 159 

Aplite, or semi-granite, 207 
Aplome garnet, 40 

Apophyllite. characteristics and occur- 
rence of, 30 

Aragonite, characteristics and occur- 
rence of, 58i 353 

Arenaceous, the term explained, 97 

Argillaceous formations of rocks, 1 1 5, 2G3 

Arsenical pyrites, 357 

Arseniurets, 6S 

Arsenopyrite, characteristics and occur- 
rence of, 23 
Asbestus, occurrence of, 13 
Asphalte, characteristics of, 2fi 

— localities of, 27 

Augite section of minerals, 16 

— characteristics and occurrence of, 19^ 
IM 

Automolite, fiQ * 
Axiniie, characteristics and occurrence 
of, 43 



"DAGSHOT sand, 222 

^ Baryt-harmolome, characteristics 

and occurrence of, 32 
Barytes, characteristics and occurrence 

of 47^352 
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Basalt. eharRCteristics of, 138 
— varielies in texture of, IAD 

in composition of, 141 

Basaltic rocks, characteristics of, 1^ 
Basic rocks, I2S 

coin{)osiiioo of, I2d 

Bath-8ton<), 2M 
Bedding of rocks, IDS 
Ber«»ite, 2QI 

Bervl, characteristics and occurrence of, 

as 

Biotite, characteristics and occurrence 
of, 2a 

Bitter-spar, characteristics of, 51 

Bitumen and mineral pitch, character- 
istics and occurrence of, TG^ 337 

Bituminous nhale, 33S 

Blende, cbaracteii:>tic6 and occnrrenee 
of, 20 

Bog, 221 

Bog-ore, 342 

Bole, <»ccurrenc6 of, 355 

Bologna- spar, or Bologna^stone, iB 

Buracite, chMracteristics and occurrence 
of, 52i 3^ 

Br^rates, 52 

Borax, characteristics and occurrence 
of, 52 

Boulders, formation of, 102, 3Q4 
Braunite, characteristics and occurrence 

of, OA 
Braunstein, 

Breccia, the term explained, M 

— characteristics and occurrence of, 

304. aoa 

— geol«>gical varieties of, 305 
Breuimeriie, charact«ristic8 of, 52 
Browncoal, or lignite, characteristics 

and occurrence of, 322. 

— varieties of, 322 
Brown-spar, characteristics of, 52 

CAEN stone, 2M 
Galaite, characteristics and occur- 
rence of, 54 
Calamine, 58 

Calamite, characteristics and occurrence 

of, 12 
Calcareous spar, 52 
Calciphyre, 278 
Calcite, 52 

Culcspar, characteristics and occurrence 

of, 52 
Cannel coal, 332 
Carbonaceous group, 324 



INDEX. 

CLA 

Carbonaceous group — continued 
varieties of composition, 324 f 

— — review of the important coal or- 
mations, 328 

Carbonates, 58 

— anliyUrous, 58 

— hydrous, 5S 
Carlhbad twins, ID 

CasUterite, characteristics and occur- 
rence of, 65 
Celesiine, characteristics and occurrence 

of, 48 

Cerine, characteristics and occurrence 

of, 43 
Cerusite, 2D 

Ceylonite, characteristics and occur- 
rence of, 8D 

Chabasite, characteristics and occur- 
rence of, 3D 

Chalcedony, composition of, 6 

Chalcopyrite, characteristics and occur- 
rence of, 74 

Chalk, red, 82 

— black, 252 

— white, 2BD 

— glauconitic, 2SD 

— upper and lower, 283 
Chert, characteristics of, Tj, 350 

— formation of, 350 

— black, 35D 

Chiastolite, characteristics and occur- 
rence of, 34 
Chiastolite-schist, 258 
Chlorides, 62 

Chlorite, characteristics and occurrence 
of, 2^ 

Chlorite-schist, and potstone, character- 
istics and occurrence of, 25Q 

— varieties of, 25D 

Chromic iron-ore, characteristics and 

occurrence of, 62 
Chromite, 62 

Chrysolite, characteristics and occur- 
rence of, 38 

Cinnabar, characteristics and occurrence 
of, 7L 358 

Cipolhno, 221 

Clay, characteristics and occurrence of, 
262 

— varieties and composition, 2fi9 

— geological terms for certain clays, 262 
Clay-ironstone, 5B 

Clay-slate, characteristics and occur- 
rence of, 283 

— varieties in texture of, 264 

— varieties in composition of, 265 
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G lay-slate — continued 

— geological varieties of, 266 
Cl&y»f occurrence of, 1A 

— bartit, characteriatics and occurrence 

of, aaa 

— varieties of, 339 

Clajstooe and hardened clay, character- 
istics and oc'carrence of, 210 
Clink.>tone, IM 
Clinochlore, 25 
Coal formations, 11? 

— common, black coal, pit^coal, cha- 
r«cteristic8 and occarrence of, 331 

— varieties of, 332 
Colophonite, 40 
Columbates, 4^ 

Columbite, characteristics and occur- 
rence of, 46 

Contptonite, characteristics and occnr- 
reoce of, 31 

Gone-in-cune, 22 

Conglomerate, the term explained, 27 

— formations, 116, 302 

— characteristics and occurrence of, 

aQ2 

Copper-ore, blue, 60 

Copper-pyrites, characteristics and oc- 
currence of, 74 

Coprolite beds, composition and oconr« 
rence of, 340 

Coral rag, 2M 

— reefs, 232 
Cordierite, 44 
Cornbrash, 284 

CoruDdum, characteristics and occur- 
rence of, 8j 351 

Cricbtonite, characteristics and occur- 
rence of, 63 

Cryolite, characteristics and occurrence 
of, 69^ 333 



r\ AMOUKITE, character of, 2a 
^ Davyne, characteristics and occur- 
rence of, 15 
Delessiie, 25. 

Dendrites, formation of, 100 
Deemine, characteristics and occurrence 

of, 

Diabase, characteristics and occurrence 
of, 146 

— varieties in texture of, 141 

in composition of, 148 

Diallage, composition of, 12 
■ — rock, 150 

Diallogite, occurrence of, 354 

£ 



EUR 

Diamond, 336 

Dichroite, characteristics and occur- 
rence of, 44 

— rock, characteristics and occurrence 
of, 320 

Diopside, characteristics of, la 
Diorite, characteristics and occurrence 
of, 153 

— varieties in texture of, 155 
Disthene, characteristics and occurrence 

of, 36, 315 
Dolerine, 252 

Dolerite, characteristics of, 134 

— analysis of, 135 

— varieties in texture of, 13fi 

— variety in composition of, 136 

— sobvarieties of texture of, 137 
Dolomite, characteristics and compo- 
sition of, 57, 274^ 2B1 

— varieties in texture of, 288 
in composition of, 232 

— geological varieties of, 2S2 
Dunite, 39 

Dyke, the term expluned, 1Q8 



■pAGLE-stone, 225 

Earth, black, composition and oc- 
currence of, 340 

— fullers', 355 

— yellow, 35fi 

Egeran, characteristics and occurrence 
of, 41 

Eklogite, characteristics and occurrence 

of,3ia 

Elscolite, characteristics and occurrence 
of, Ifi 

Elaterite, 71 
Elements, native, 2A 
Elvanite, 214 

Emerald, characteristics and occurrence 
of, 32 

Emery, occurrence of, 8 
Epidosite, occurrence of, 35, 355 
Epidote, characteristics and occurrence 

of, 42 
Epsom salt, 51 

Ep»omite, characteristics and occurrence 

of, 51 
Erratic blocks, 304 
E:)honite, 40 
Eukrite, ua 

Eulisite, characteristics and occurrence 

of, 319 
Eophotide, 151 
Eurite, 220 
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FAHLUNITE, occurrence of, 44 
Felsite rock, 22Q 

Felsite-schist, 22D 
Febpar, characteristics of, 8 

— ortboclautic, & 

varieties of coloar and lastre, 9 

— plagioclastic, ID 

— some aids for distinguishing the 
felspar Bpecics, 12 

Felspar-porphyry, lfi9 

Felstone, characteristics and occurrence 

of,22ii 

— varieties of, 222 
Ferreo-lithomarge, 356 
Figure-slone, 354 

Flint, colouring matter of, 6 

— where found, fi 

— chalk-flints, 2fi3 

Fluor, Fluor-spar, characteristics and 

occurrence of, 68, fiiLI 
Fluorides, £7 

Foyaite, characteristics and occurrence 

of, lai 

Fi' tfpnental rocks, 2^4 

FraiJronite, characteristics and occur- 
rence of, 174) 175 

Fullers' earth, composition and occur- 
rence of, 

Fyalite, 38 



GABBRO, composition of, 15Q 
— varieties in competition of, 15Q 
Gadolinite, characteristics and occur- 
rence of, 4ii 
Gabnite, QQ 

Galena, characteristics and occurrence 

of, 69^3^ 
Galmey, 33, 5S 

— compobitioQ and occurrence of, 356 
Garnet section of minerals, 3S 

» characteristics and occurrence of, 

29 

— varieties, 4Q 

Garnet rock, characteristics and occur- 
rence of, 219 

Glaciers, formation of, 248 

Glanberite, characteristics and occur- 
rence of, 49 

Glanbersalt, characteristics and occur- 
rence of, 21 

Glauconitc, characteristics and occur- 
rence of, 22 

Gneiss, characteristics and occurrence 

of, 222 

— varieties of, 224 



HEM 

Gneiss — con tinned 

varieties in texture of, 228 

— — in composition of, 229 
GneiHsite, 224 

Gothite, 61 

Grammatite, characteristics and occur- 
rence of, II 
Granite, characteristics of, 2D2 

— varieties in texture of, 205 

— occurrence of, 2D8 

— proposed new division of, 2D9 
Granitic porphyry and syenitic por- 
phyry, 212 

— characteristics and occurrence of, 2 12 
Granilite, 2Q1 

Granitone, I2Q 

Granulite, Leptynite, characteristics and 
• occurrence of, 222 

— varieties in texture of, 221 
Graphite, characteristics and occurrence 

of. 75i2ail 
Gravel, formation of, IQ2 
Green earth, occurrence of, 19 
Greenovite, 42 

Greenstones, characteristics, varieties, 

and occurrence of, 145 
Greisen, essential ingredient of, 23 

— as a variety of granite, 207 

— cbaracterislica and occurrence of, 2^1 
Gritstone, 292 

Grossularite, 4Q 

Guano, composition and occurrence of, 

339 

Gypsum, characteristics and occurrence 
of. 49. 274. 29Q 

— varieties in texture and compo- 
sition of, 291 ' 

HALLEFLINTA, 220, 222. 
Halunogen. characteristics and oc- 
currence of, 50 
Earmotome, characteristics and occur- 
rence of, 22 
Ha^itings sand, 299 

Hansmannite, characteristics and oc- 
currence of, 64 

Haliyne, characteristics and occunence 
of, 12 

Haiiynopliyry, 141 

Hematite, characteristics and oocurreoce 
of, 62 

— brown, 67, 241 

varieti^ in texture of, Ml 

in composition of, 342 

— red, M2 
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HEM 

Hematite — eonilnued 

— red, varieties in texture and compo- 
sition, 343 

Heaiitrene, 22fi 

Healandite, chanacteristics and occur- 
rence of, M 

Hislopite, 278 

Hohlspath, characteristics and occur- 
rence of, 
Hone, 2&5 
Honey-stone, 17 

Hornblende, characteristics and occur- 
rence of, 16i 17 

— varieties of, Ifi 

— differences between hornblende and 
pyroxene, 2Q 

Hornblende-porphyrite, 171 
Hornblende-schist, and Homblende-rock, 
characters and occurrence of, 2h2i 

— varieties in texture of, 25^ 
—> variety in composition of, 254 
Hornstone, characteristics of, 7^ 350 

— occurrence of, 350 

Hyacinth, characterlistics and occurrence 
of, ^ 

Hyalite, colourless, where found, g 
Hypersthene, characteristics and occur- 
rence of, 19 
Hjperstheuite, composition of, 1^ 



ICE, as a rock, formation of, 342 
— glaciers, 

— underground ice-strata of Siberia,349 
Ichtbyophthalinite, characteristics and 

occurrence of, 3Q 
Idocrase, characteristics and occurrence 

of, 41 
Ign&)us rocks, 121 

composition of, 129 

varieties of, 129 

— basic, ikl 

volcanic, IM 

plutonic, 144, 2Q1 

acidic, 182 

volcanic, lfi2 

— — observations on the processes of 
igneous rock-formation, sAl 

Ilmenite, characteristics and occurrence 
of, G3 

Ilvaite, characteristics and occurrence 

of, 36i35fi 
lolite, characteristics and occurrence of, 

44 

Iron-earth, blue, characteristics and oc- 
currence of, M 



LAS 

Iron, spathic, 57, 345 

— oxydulated, 61 

— specular, 62^ 344 

— red, 02 

— fibrous, 62 

— scaly, 62 

— froth, 62 

— micaceous, 62 
— • titaniferous, 63 

— pyrites, 22 
white, 22 

— — hydrous, 72 

— disilicate of protoxide of iron, 346 
Iron-ore, sparry, 52 

— magnetic, 61^ 344 

— red, 62 

— titanic, 63 

— brown, 62 

Iron-stone group of rocks, 3411 

— geological varieties of, 340, 341 
Itabirite, 343 

Itacolumite, characteristics and occur- 
rence of, 242 

— varieties of, 24S 



JASPER, characteristics and occur- 
^ rence of, 6^ Si! 

Jenite, characteristics and occurrence of, 
36 

Jointed structure of rocks, 103 
Jointing, various kinds of» 103-105 



EAOLIN, characteristics and occur- 
rence of, 18, 354 
Karren, or Earrenfelder, 101 
Karstenite, characteristics and occur- 
rence of, 4S 
Kersantite, characteristics and occur- 
rence of, 175 
Eersanton, characteristics and occur- 
rence of, 115 
Killinite, composition of, 22 
Kinzigite, characteristics and occurrence 
of, 32D 

Kjanite, characteristics and occurrence 
of, 3£ 



T ABRADORITE, characteristics and 
occurrence of, 11 

Lapis lazali, characteristics and occur- 
rence of, 15 

Lasionite, characteristics and occurrence 
of, 54 
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LAS 

Lasnrite, chamcterittticd and occurrence 

of, m 

Laumontite (Laumouite), cbaractemtics 

and occurrence of, 32 
Lara, the t^rm explained, fifi 
Lead-ore, bine, ciiaracteristics and oc- 

rence of, 

Lepidolite, characterbtica and occur- 
rence of, 23i 3^ 

Leueite, characterUtics and occurrence 
of, 15. Li2 

— varieties in textnre of, 143 
Leucopyrite, chaiacieriatics and occur- 
rence of, 23 

Liebnerite, occurrence of, 

Lievrite, or Ilvaite, cbHracleristics and 

occurrence of, 36^ 3^ 
Lignite, 323 

Lime-mesotype, characteristics and oc- 
currence of, 3A 
Limestone formations, 116, 274 

— characteristics and occurrence of, 

276 

— varieties in texture of, 277 

— geological varieties of, 2S2 
Limonite, characteristics aud occurrence 

of, fi2 

List wen ite, 252 

Lithia>mica, cimracteristica and occur- 
rence of, 23i 355 

Lithionite, characteristics and occur- 
rence of, 23j 355 

Lithomarge, occurrence of, 355 

Loam, 2fi9 

Lode, the term explained, IM 
Lydiun stone, Lydite, black chert, com- 
position and occurrence of, 35Q 

If AGNESIA-MICA, characteristics 

■^'L and occurrence of, 23 

MHgnesite, characteristics and occur- 
rence of, 57i 355 

Magnetic iron-ore, Magnftile, character- 
istics and occurrence of, 61^ 
— varieties in texture and compo- 
sition of, 344 

Magnetic pyrites, characteristics and 
o< currence of, 21 

Magnetite, &1 

Majolica, 233 

Malachite, characteristics and occur- 
rence of, 59^ 354 

Malukolite, occurrence of, 19^ 149 
Mar.gaDese-ores, occurrence of, 356 
Manganese-spar, occurrence of, 35fi 



MIN 

Mangantte, characteristics and occur- 
rence of, Qfi 

Marca&ite, or hydrous pyrites, character- 
istics and occurrence of, 22 

Margarodite, characteristics of, 23 

Marl fonnatioM, 116, 221 

Mar], characteristics and occurrence of, 
222 

— varieties in texture and composition 
of, 222 

Marlstone, 272, 21A 
Meerschaum, characteristics and occur- 
rence of, 2Sj 3M 
Meionite, 42 
Melanite, 40 

Melaphyre, characteristics and occur- 
rence of, IS2 
Melliliie, 42, 72 

Mellite, cWacteristics and occurrence 
of, 22 

Melinite, occurrence of, 356 

Menilite, 349 
Menacliine-ore, 45 

Mesitine-bpar, characteristics of, 52 
Miarotite, 2Q& 

Miascite, characteristics and occurrence 
of, IfiD 

Mica section of minerals, characteristics 
of, 22 

— binaxial mica, 22 

— hexagonal or uniaxial, 2^ 
Mica-diorite, 157, 179 
Mica-porphyrite, or Micaceous Porphyry, 

122 

Mica-schist, characteristics and occur- 
rence of, 241 

— varieties in texture and composition 
of, 243 

lifica-schiiit, argillaceous, characteristics 
and occurrence of, 254 

— varieties in texture of, 255 

in composition of, 25fi 

Mica-trap rocks, 1 73 

Mica-trap, characteristics and occur- 
rence of, 174 

Microcline, characteristics ajid occur- 
rence of, 9 

Mimetisite, 20 

Minerals, 1 

— the principal minerals, 2 

— the accessory ingredients of rocks, 2 

— ' Paragenesis ' of minerals, 3 

— mode of classification adopted, 3 

— chemical symbols used, 4 
— • minerals as rocks, 347 

— mineral veins and veins of ore, 322 
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IfIN 

Hinette, characteristics and occnrrence 
of, UA 

Mirabi]ite,cbaracteristics and occurrence 
of, 51 

Mispickel, cbaracterutics and occurrence 
of, 23 

M(ya, 307 

M»x>rM!iead rock, 

Mountain leather, IS 

Mariacite, characteristics and occur- 
rence of, 48 

Muscovite. See Potash-mica 



]JACRITIDE. 2M 

NaplitbH, characterutics and occur- 
rence of, 2fi 

Natrolite, characteristics and occurrence 
of, 31 

Natron, characteristics and occurrence 
of, 59 

Kepheline, characteristics and occurrence 
of. Ifi 

Nephrite, characteristics and occurrence 

of, IB 
N^v^, 348 

Nigrine, characteristics and occurrence 
of, fi4 

Niobite, characteristics and occurrence 

of, ^ 
Nitratea, 55 

Nitratine, characteristics and occurrence 
of, 55 

Nitre, characteristics and occurrence of, 
55 

Norite, characteristics of, 151. 15fi 
Nasean, characteristics and occurrence 
of, 15 

Noiean-melanite rock, 144 
Novaculite, 2&1 

ABSIDIAN, pure, 185 
^ — characteristics and occurrence of, 
192 

— varieties, according to differences of 
texture, 197 

Ochre» yellow, 341 

— red, 343 
Oilstone, 2£1 

Oligoclase, characteristics and occur- 
rence of, 1 1 

Oligoclase-dolerite, 138 

Olivine, characteristics and occurrence 
of, 38 

Omphacite rock, 318 



PHA 

Omphazite, characteristics of, 19 
Oolite, formation of, Q4 

— varieties of oolite.s, 284 
Oosite, occurrence of, 44 
Opal, characteristics of, 7.349 

— occurrences and mode of formation of, 
7. 349 

— varieties of, 349 
Ophicalcile, 21B. 
Ophiolite, 314 
Ophite, 15fi 

Organic compounds, 2B 
Orthite, characteristics and occurrence 
of, 43 

Ortboclase, characteristics and occur- 
rence of, 9, 355 

— varieties of colour and luittre of, 9 
Ottrelite, characteristics and occurrence 

of, 2J& 
Ottrelite-scbist, 

Oxides of elements of the hydrogen 
group, fifi 

— anhydrous, 6Q 

— hydrous, 6& 
Ozydulated iron, 61 
Oxygen compounds, 5 

i 

PALAGONITE, occurrence of, 19 
' Turagene^is ' of minerals, 3 
Paragonite-schist, 244 
Parrot-coal, 332 
Paulite. See Hypersthene 
Pca-ore, 341 
Peastone, 282 

Peat, characteristics and occurrence of, 
324. 327 

— varieties of, 328 

Pebbles, formation of, 102, 3M 
Pegmatite, 2ilfi 

Pegmatolite, characters and occurrence 

of, 9 
Peperino, 308 
Pencil-slate, 2fi4 
Pennine, 25 

Peridot, characteristics and occurrence 
of, 38 

Periites, and Pearlstone-porphyry, 184 

— characteristics and occurrence of, 
IM 

— varieties in texture of, 19fi 
Perofskite, characteristics and occur- 
rence of, 45 

Petrosilex, 22Q 

Phacolite, characteristics and occurrence 
of, 3Q 
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PIIE 

Phenakite, or Phen«cite, characteristics 
and occurrence of, 3^ 

Phengite. See Potash-mica 

Phillipsit^, characteristics and occur- 
rence of, 22 

Pblfvf^pite, 21 

Pliolades, on the sea-coast, 102 
Phonolite group of roclu, 198 
Phonolite, Clinkstone, characteristica 
and occurrence of, 19ft 

— varieties in texture of, 200 
Phosphates, 53 

— anhydrous, §3 

— hydrous, 54 

Phosphorite, characteristics and occur- 
rence of, 53, 353 

Pinite, occurrence of, 44 

Pinsill, or Pencil-slate, 264 

Pistacite in hornblendic and pyioxenic 
rocks, 20 

— characteristics and wjcnrrence of, 42, 
355 

Pitchstone and Pitchstone-porphyry, cha- 
racteristics and occurrence of, 223 

— varieties in texture of, 225 

Pleonaste, 60 

Plumbago, characteristics and occurrence 
of, 75, 33fi 

Plutonic rocks, IIT, US^ 114i 1^ 

Polianite, characteristics and occurrence 
of, 64 

Porcelain clay, 13, 3M 

Porphyrite, characteristics and occur- 
rence of, 1 63 

Porphyrites, IM 

Porphyry, ^ 

Portland-stone, 280, 2S4 

Pot-holes, formatiun of, lOt 

Potash-mica, characteribtics and occur- 
rence of, 22 

— damourite, marparodite, 23 
Potstone, characteristics and occurrence 

of, 251 

Prehnite, characteristics and occurrence 
of, 31 

Protogine, 2M 

Pttilumelane, characteristics and occur- 
rence of, 67 

Puddingstone, 302. 304 

Pumice-stone, and its varieties, 97^ 185, 
197 

Puzzulana, 308 
Pycnite, occurrence of, 35, 355 
Pyrites, characteristics and occurrence 
of, 72,357 

— in hornblendic and pyroxenic rocks, 

m 



ROC 

PTritc» — contmued 

— magnetic, II 

— white, 13 In 

— hydrous, 72, 352 

— arsenical, 357 

Pyrochlore, characteristics and occur- 
rence of, 45 
Pyromeride, or Ball-porphyry, 213 
Pyroinorphite, TSl 

Pyrope, characteristics and occurrence 

of, 4fi 
Pyrobchist, 338 
Pyrolusite, 65 

Pyroxene, characteristics and occtLrrence 
of, Ifi 

— varieties of, Ifi 

— appendix to, 15 

— hydrous products of the decomposi- 
tion of, U 

— differences between hornblende and 
I^roxene, 211 

QUARTZ, characteristics of, 5, 3511 
— common quartz, how found, 5,350 

— amethyst, 6, 350 

— chalcedony, 6 

— agate, 6, 35Q 

— jasper, 6^ 350 

— flint, 6^ 350 

— chert, bornstone, 7, 350 ' i 

— modes of formation of quartz, 7^ 350 
Quartz-porphyry, Elvanite, characteris- 
tics and occurrence of, 215 

— varieties in texture of, 217 

in composition of, 218 

Quartz-schist, characteristics and com- 

poiiition of, 246 

— varieties in texture of, 247 

RAINDROPS, traces of, on rocks, IM 
Bandanite, 350 
Reddle, 62 
Rennsellaerite, 316 
Resins, 76 

Rhodonite, occurrence of, 356 
Rhoetizite, characteristics and occurrence 
of, 36 

Rhyolite, characteristics and occurrence 
of, 133 

Ripidolite, characteristics and occurrence 
of, 24 

Rock-salt, characteristics and occurrence 
of, 67, 351 

— formations, 112 

I — varieties of, 352 
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ROC 

Rock-soap, occurrence of, 
Rocks, acidic, analyses of, 
. — basic, analyses of, SB 

— composite, 1 

— igneous, 127 

— roetamorpbie, 227 

— plutonic, 144j 201 

— sedimentary, 115 
analyses of, Sfi 

— volcanic, 131, lfi2 

— simple, 1 

— accessory or non-essential, 1 

— analyses of, 2S 

microscopic, IS 

magnetic, IS 

— — cheniica), 72 

— physical stroctore of, 82 

— texture of, 87 

— peculiar states of rocks, 35 

— concretionary structure of, SS 

— special forms of external structure 
of, 29 

— jointed structure of, 1 03 

— stratification of roclEs, 105 

— shape and bedding of rock masses, 
106 

— geological formations and groaps of 
rocks, 111 

volcanic. 111 

^ the older, 112 

upper plutonic, 113 

lower plutonic, 1 14 

argillaceous, 115 

marl formations, l Ifi 

limestone formations, Hfi 

sandstone formations, LLfi 

conglomerate formations, llfi 

— — coal formations, 117 

— rock-salt formations, lit 

— — crystalline schist formations, 

m 

great geological periods of de- 
posit, 112 

— transitions and transmutations of 

rocks, 120 
' — classification of rocks, 123 

— rocks of special character or bedding, 

aia 

— observations on the processes of rock- 
formation in nature, 352 

Boofing-slate, 2fi4 
Bottenstone, 279 

Bounded stones, formation of, 202 
Kubellan, 24 

Butile, characteristics and occurrence of, 
M 



SET) 

SAL-AMMONIAC, characteristics and 
occurrence of, 68 
Sahlite, characteristics and occurrence of, 
18i 12 

Salt, common, characteristics and oc- 
currence of, 67j 251 

— rock, fi7 

Saltpetre, characteristics and occurrence 
of, 55 

— Chili saltpetre, 55 
Sand, varieties of, 299 

— characteristics and occurrence of, 

aoi 

Sandstone, the term explained, 21 

— furmatiouH, 116 

— characteristics and occurrence of, 

295 

— varieties in textore. 205 

— — in composition, 297 
~- ^eolopcal varieties of. 298 
Sanidine, characteristics and occurrence 

Saponite, characteristics and occurrence 
of, 25 

Saussurite QeAe)y characteristics of, 
U 

Scaglia, 283 

Scapolite, characteristics and occurrence 
of, 41 

Schalstein, characteristics and occur- 
rence of, 311 

— varieties of, 311 
Schiller-rock, 314 

Schist, the term explained, 27 
Schist?, metamorphic crystalline, 227 

— composition of, 227 

— pro[)erties of, 228 

— schorlaceous schist, 323 

— observations on the processes of for- 
mation of metamorphic crystalline 
schists, 328 

— contrasts between the ccUogenic and 
anogtnic transmutations of, 321 

Schorl, characteristics and occurrence 
of, ^323 

— varieties in texture, 323 

— — in composition, 324 
Scolecite, characteristics and occurrence 

of, 33 
Scoria, 02 

Sedimentary and fragmentary rooks, 

259 

— characteristics of, 252 

— table of geological periods of, 260 

— observations on the processes of the 
formation of, 374 
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SEL 

Selenite, chAracteriatics and occurrence 

of, 45 

Sericite, 23 

Sericite-schist, 2^ 

Serpentine gronp of rocks, 314 

Serpentine, characteristioi and occur- 
rence of. 26. aii 

— varieties of, 315 

Siiale, the term explained, M 
argillaceous, characteristics and oc- 
currence of, 268 

— varieties in texture of, 2M 
in con) posit ion of. 269 

— geological varieties of, 2fill 

— minerw' terms for shale, 23 note 

— bitnminous shale, 33S 
Shingle, formation of, LD2 

Siderite, characterifetics and occurrence 
of, 57i345 

— varieties in texture and composition 

of, 345 
Silicates, 8 

— felspar section, S 

— augite section, Ifi 

— mica section, 22 

hydrous magnesian silicates (talc 

section), 24 
zeolite section, 28 

— andalusite section, 34 

— garnet section, 3S 
Silicon, oxides of, 5 
Sla^f, volcanic, 61 
Slate, the term, ai 

— polishing, tripoli, 349 
Slates, varieties of, 264-266, 223 
Smarapd, characteristics and occurrence 

of, 33 

Smarapdite rock, occurrence and com- 
position of, 19j, 313 

Smithsonite, characteristics and occur- 
rence of, 33 

Soapstone, characteristiai and occurrence 
of, 2i 

Soda, carbonate of, characteristics and 
occurrence of, 59 

Soda-mesotype, characteristics and oc- 
currence of, 31 

Sodalite, characteristics and occurrence 
of, 14 

Spar, heavy, characteristics and occur- 
rence of, 47, 352 

— manganese, 356 

Spargelstein, characteristics and occur- 
rence of, 53 
Sparry iron-ore, 52 



INDEX. 

TIM ; 

Spathic iron, characteri&tica and occur- 
rence of, 57, 345 

— varieties iu texture and composiUon, 
345 

Sphrerosiderite, 58, 345 
Sphalerite, 70 

Sphene, characteristics and occurrence 
of, 4fi 

Spinel, characteristics and occurrence 
of, fiQ 

Spodumene, characteristics and occur- 
rence of, 21 

— Killinite, 22 
Stalactites, formation of, 93 
Stalapmites, formation of, 100 
Stai>sfurtite. occurrence of, 52, 353 
Staurotide (Staurolite), characteristics 

and occurrence of, 3£ 
Steatite, characteristics of, 27, 354 
Stilbite, characteristics and occurrence 

of, 33 
Stilpnobiderite, 01 
Strahlstein. 5ee Actinolite 
Stratification ot rocks, 105 
Styolites, 29 
Sulphates, 47 

— anhydrous, 42 

— hydrous, 49 

Sulphur, characteristics and occurrence 

of, 74, 353 
Sulphurets, 69 
Syenite group of rocks, 123 
Syenite, characteristics and occurrence 

of, 122 

~ varieties in texture of, 12S 



TALC section of minerals, 24 
Talc, characteristics and occurrence 
of, 22,254 

— varieties of, 22 

Talcschist, characteristics and occur- 
rence of, 251 

— varieties of, 252 
Talc-spar, characteristics of, 52 
Tantalates, or Columhates, 45 
Tautalite, characteristics and occur- 
rence of, 45 

Teschinite, 143 
Tholeite, 138 

Thomsonite, characteristics and occur- 
rence of, 31 

Thumite, characteristics and occurrence 
of, 43 

Timazite (Trachytic Greenstone), cha- 
racteristics and occurrence of, 15fi 
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TIN 

Tin-ore, Tinstone^ characteristics and 

occurrence of, 65 
Tinka). characteristics and occurrence 

of, 52 
Titanic iron«ore, 62 

Titaniferous iron, characteristics and 

occurrence of, 63 
Titaoite, chaiacteristics and occnrrence 

of,ig 
Titanites, 45 
Tonalite, 202 

Topanhoacanga, comp(«ition of, 843 
Topaz, characteriatics aod occurrence 

of, a5 

Topaz rock, 306, 324 

Tourmaline » characteristics and occur- 
rence of, 37 

Trachyte gjoup of rocks, L83 

— Tarietiea of, IM 

Trachyte, characteristics and occurrence 

of, IM 

— varieties in texfure, IM 

in composition, 190 

Trachyte^porphjiy, characteristics and 

occurrence of, 134 
Tarietiea in texture of, 195 
Travertine, 282 

Tremolite, characteristics and occnrrence 

of, 11 
Tripestone, 231 

Tnphane, characteristics and occurrence 

of, 21 
Tripoli, 349 

Trona, characteristics and occurrence of, 
59, 352 

Toff, Tufa, the temiR explained, 32 

— characteribtics and occurrence of, 306 

— volcanic tufas, ba^ialtic aod trachjtic, 
30B 

— tuff formations of pi atonic rocks, 303 

— siliceous, 343 
Turf, 322 

Turquois, characteristics and occurrence 
of, 54 



TTLTRAMARIKE, characteristics and 

occurrence of, 12 
Uralite, characteristics and occurrence 
of, la 

Urao, characteristics and occnrrence 
of, 53 



ZWI 

I VANADATES, 45 

' Vein, the term explained, 108 
Veins, mineral, and veins of ore, 332 
Vesuvian, characteristics and occurrence 
of, 41 

Vivianite, characteristics and occurrence 

of, 54 

Volcanic rocks, 111. 127, 131 
Volcanic tufas» basaltic and trachjtie, 
30& 

Volborthite, characterbtics and occur- 
rence of, 47 



"IITACKE, the term explained, 96 
<" Wad, characteristics and occurrence 
of, 62 

Wavellite, characteristics and occurrence 
of, 54 

Wemerite, characteristics and occur- 
rence of, 42^ 222 

Whetslate, Whetstone, 265 

Wiluit, characteristics and occurrence 
of, 41 

Wohlerite, characteristics and occurrence 
of. 46 

Woodfitone, material of, 2 



j 7E0LITE section of minerals, cha- 
j ^ racteristics, properties, and occur- 

I rence of, 28 

— monometric zeolites, 23 

— hexagonal, 30 
I — trimetric, ai 

— monoclinic, 32 

Zinc, hydrous silicate of, 33 

— carbonate of, 356 
Zinc-ore, red, 351 
Zincblende, 70 

Zinc-spar, characteristics and occur- 
rence of, 5B 

Zircon, characteristics and occurrence 
of, 41 

Ziroon-sjenite, characteristics and oc- 
currence of, l&l 

Zoisite, characteristics and occurrence of. 
41 

Zwitter rock, characteristics and occur- 
rence of, 322. 
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OPINIONS OF THE PRESS. 



• This Is really a handy book. A con- 
cise account of all known minerals is 
given in alphabetical order, and lefereuces 
«ca added to tiie cwoBia vhlob flpeehnens 
auy be found in the British Museum and 
the Museum of Practical Geology. There 
ia also a useful introduction on the cha- 
racters, properties, and chemical compo- 
gltlotL of Bitnflrelffi 

Hechxial Tiubs and GAZsns. 

'Wf can recommend Mr. Bristow's 
OUusury v/ Mtneralogy to all geologists, 
as well as to mining students, and the 
cadets of Sandhurst and "Woolwich. It 
is a real handy book ; the arrangement, 
being alphabetical, ia suited to everyone's 
capaoitj.. . ..As ft -work of general utility, 
tbis lK)0k is the iK'st of its class, and the 
only one we should ever tliiiik of opening 
by way of amusement. We refer to such 
articles as arsenolite, amber, aatieaboe, 
aaplialt, aTaaturine, Ac., or to that on tbe 
dJamond.' Csmo. 

*TUB student in physical science has 
long desized a tNwk oombioitig facility of 
reference with a concise and familiar 
account of all the known minerals. This 
want is now fully supplied by the present 
work, which is not a mere glossary', as 
Ito title woidd imply, tmt is intermediate 
between it and a manual. The first fifty 
page» contain a description of the general 
characters of minerals, their various 
properties, comporition,aiid daarfflcation ; 
whilst the Glonary pgotoam to give in- 
formation upon every kno-mi mineral 
gubftnnce, and this information is as 
complete as tJie present state of our know- 



ledge win allow The Anthnr'f tnak 

has Iwen ably executed, and his work will 
bo much in request.' Lanckt. 

* Tbkbb has been hitherto no work in 
English at all answering to this OioMory 

of Mr. Bri-^tow. It is a Dictionary of 
MineraU^py of the nioRt complete kind, 
and yet in the most portable form, and 
mnet become a sine ^ mm to emry 
practical mineralogis^t. Unincumbered 
with any system of chi-vification, it de- 
scrilx'^* ev(ry mineral species or variety 
alphabetically, with references to syno- 
nymes, Bnglish, Freneh, and German. 
The description of the minerals is at once 
concise and yet sufficient fur practical 
purposes. It includes their crystalline 
and physical cifaaracteristtca, chemical 
compoaltion {shewn both by formula and 
analyses), behaviour Ix'fore the 1»lowpipe, 
and their principal localities and uses, 
it need scarcely be said that Mr. Bbistow, 
having the resonmesot the Jermyn Street 
Museum at his hand, as well as the assist- 
ance of so eminent a mineralogist as Mr. 
Waiunoton SMrrH, has had great oppor- 
tunities of tdming out a good book* And 
he has certainly done so.....Notwiai' 
standing the great body of information it 
contains, this little volume has the jid- 
vantage of extreme clearness of typo and 
gnuit portability. For tonriste and prac- 
tical men iaterssted In mineralogy it will 
be indippf^n sable ; among the former we 
expect Mr. Bfufirrow's green book will be 
seen often side by side with Ur. MuHHAr'S 
redTOlvmea.' 

' IOmxho and Skeltdio Haoazusb. 



London: LONGMANS, GRE£N, and CO. Paternoster liow. 




Digitized by Google 



NEW EDITION OF BRANDE'S DICTIONARY OF SCIENCE, LITERATURE, AND 
ART. RECONSTRUCTED AND GREATLY EXTENDED TO ADAPT IT 
TO THK PREtCNT STATE Of SaCNCE. 



Xn course of publication periodically, to be completed In 12 Parts, each containing 
S4U pages, prioe 6$, fonnbig Tuaes Volumb8, mediom 8vo. price 2U, each, 

YoiJL L tmd II« now nmij, 

A DICTIONARY 

OF 

SCIENCE, LITERATURE, MD ART 

C0MFRISD70 

DSnNmOMS AND DKBIYATIOlfB OF THX SCEENTIFIO TKBMB IN OKM gBAL US£, 
TOOSTHSB Wm TKB BUIDBT AND WUHIWIICiWB OF TBI 

PB1NCIPLE8 OF NKABLY KVERT BRANCH OF 



SDITXD BT TBM IiATI 

W. T. BRANDE, D.C.L. F.R.S.L. & E. 

QfKtr Maiettn't Mint, Jionorarjf Prof, of Chemi$try in the Royal InatUution of Great Briiabi, 

AND nn 

REV. GEORGE W. COX, M.A. 

OF WmT HtUmmflO AHD TiTKBiBT AOQmBBIIHm 



IiIST OF CONTRIBUTOBB. 

GflOflnl Editor W. T. Brandk. F.B.S. &o. late of Her Majes^'s Mint, and 

Honorary Profeuor of OlMDiiitqr in Aogwl Tnittwrtlon 
of Great Britain. 

Jolnt>KdIfcor The Rer. Gnorob W. Ooz, MJL. late Seholar of TriaUr 

Golleffe, Oxford. 

Agriculture John Chalmehm MoaTON, Editor of the 'Agricoltoral 

Gazette,' Ac. 

Architecture, History, Lan- The Bev. Gjsobob W. Cox, MJL 
ffoacre. MythologFtaoaQeneMi 

Literature 

Astronomy, Observational and E. Franklaxd, Ph.D. F.R.S. Prof, of Chem. in fhA B. Inst. 
Descriptive, and Meteorology of Great Britain ; and J. N. LtOckyeb, Esq. 

Biological Sciences, comprising Professor Ricbard Owbn, F.R.S. LL.D. D.C.L. Superin- 
AfiMoroy, Physiology, Zoo- tendentof theNat. Hist. Depta. Brit. Mas. s and C. Cabtbr 
logj, ana FatoonfeologF Blakb, FIlD. F.OJI. Var. Anoo* of tiia AntliiopoL 8oc 

BotaarandGhBdening John Linplt, y.B.8. y.L.S. late B i u er i tua ftolwor of Bot. 

in Uniy. Coll. London; and Thomas Ifoou, FJiJS. 

Curator of the Botanic Gkirden, Chelsea. 

BtdMtogandBnghMWing* G. R. Burnell, Architect and Civil Ennneer, F.B.I.BA.. 

^ F.G.8. F.S.A. ; and John Bourne, Civil Engineer. 

General dwmietqr andPloalM W. T. Brands. D.C.L. F.R.S. L. & E. : E. Frankland, Ph.D. 

F.R.S. ; John Attfield, Ph.D. F.C.8. Director of the 

Laboratories of the Pharmaceutical Soc. of Great Britain ; 

John Brouohton, B.S.; W. F. Barrett; and Herbert 

McLeod. 

Geology, Physical Geography, D. T. Anstbo. M.A. F.B.S. F.G.S. &c. Hon. Fellow of King's 

and Hydrology Coll. London. 

Law,Hlstoi7,andQenexalIiito- Hbrkan Mesitaui. M.A. 03. late TeUow of Balliol 
ratore College. Oxford. 

Lair •••• • Abthur P. Whatelt, M.A. of Lincoln's Inn. Bani«tar-et* 

Law; late Student of Christ Church, Oxford. 
y at lM MMt te i t Pmf and AwBed T. A. Hirst, Ph D. F.B.8.Fraf.of MatiieniajUoalPliyiiMin 

Univ. Coll. London. 

JEfUtaiarSiiikdMita Lieut. H. Brackenhury, r.a. F.S.A. AMiataaft-IurtnMtar 

^ in Artillery, R.M. Academy, Woolwich. 

lOneralOgF**.*.***** ••• Henby William Bristow. F.Il.8. F.G.S. Hon. Fell, of 

King^s Coll. Lend, of the Geol. Survey of Ureat Britain. 

Music Prof. W. PoLB, F.BJ3. Mm. Bae. Ozon. 

liaval Subjects Dbnkam BoaiNaoN. 

NaTigation H. W. JaANS. F.BA.S. R.N. Coll. Portsmouth. 

PeinOng and ttie Fine Arte.... B^j»ii N. Wonvux, Keeper and SeoMtaij of ttie Sati^ 

€Mlenr. 

PoUtioalBeonoiBy**** ••••• Jambs E.ThoroldBooebs,M.A. Professor of Political Econ 

Tooke Professor of Economic Science and Statistics lU 
Kinff'a Coll. London. 

Printing, Bibliography, &c B. J. Courtnet, Superintendent at Messrs. Spottiswoode 

and Co, 's Printing Office. 
Theolo|^ ^md Eoclesiaatioal G. MBBiyAi.B, BJ>. Chaplain to the Speaker of the House of 



Londoa: LONGMANS, GREEN, and CO. Paternwter Kow. 



Digitized by Google 



GEIEML LIST OE WORKS 

FDBUSHBB BT 

Messrs. LONGMANS, GREEN, and CO. 

PATERNOSTER ROW, LONDON. 

History^ Politics^ Historical Memoirs, &c. 

The HISTOEY of ENGLAITD from the Fall of Wolsey to the Defeat 
of the Spanish ArtnadA. liy JA^si AKsaosx FaocDK, laU) Follow 

of Enter OoUegtt, Ostotd. 

LiBKARY Edition', Twelve Volumes, 8vo. price £8. 18^. 
CABiNirr Edition, Twelve Volumoa, crown 8vo. price 72s. 

The ENGLISH in IRELAND in the EIGHTEENTH CENTURY. 
By Jamks AirmoNY Fuoude, M.A.. late Felluw of Exeter College, Ox£oiU« 
Z TOls. Bvo* priM 4ii, 

ESTIMATES of the ENGLISH KINGS from WILLIAV the CON^ 

QUEPvOR t ) QEORGE HI. By J. Lanotox Sahfoud. Orowu 8vo. 12*. 6d, 

The HI8T0BY of ENGLASD from the Aceeesion of James IL B/ 

Lord Macaulay. 

STtJDBNT'fl BDmOW, 2 TOlfl. CTOWII 8T0. 12«. 

pKoi'i-E's EomoK, 4 vols, crown 8vo. 161. 
Cabinet Bomox, 8 vols, post Bvo. i&i. 
rmwAw Xsmosr, 5 vols. 8tow £4, 

LORD HAOAITLAY'S WOBXS. Complete and XTniform Librarj 

Edition. Eflitoa by his Si.-^ter, Lady TnErrr.VAN'. vols. Sto. With Povtmitt 

I)rice r>«. cloth, or l>ou!idin trce-ealf by Riviere. 

On PABLIAMENTAEY GOVEENMENT in ENGLAND; its Origin, 
Development, and Practical Operation. By Alpueus Todd, Librarian ot the 
LegisUtire AtmaMf of CNaada. 2 toIs. price £1. lis, 

Ihe CONSTITUTIONAL HISTOEY of ENGLAND, since the Aoeei- 
Bion of George III. 1760—1860. By Sir Tboma£ Erskixb May, O.B. The 

Fourth Edition, thoroogUly revised. 3 vols, crown Svo. price 18*. 

DEHOCEACY ia EUEOPE; a lliblorj. bir Tuu.mas Ebskinb 

Uat,K.O.B. STD18.870. llntheprm. 

fhe HI8T0BT of ENOLAin), from the Earliest Times to the Year 

18C5. By C. D. YoNon, TI.A. S 'cond E-l'tion. Crown Svo. 7j. C'^ 

The ENGLISH GOVERNMENT and CONSTITUTION from Hcniy 
YIL to the Present Time Bj John Earl Uu^iSELL, K.Q, Fcp. 8ro. 3s, 

A 



Digitized by Google 



9 



NEW WOBKS ruBLBmn by LOSaiLLNB and CO, 



The OXFORD REFORMEES — John Colet, Erasmus, nnd Thomas 
More ; being a Hifltozv of their FeUow-work. Bj FaEDSBiu Skkbohm. 
8eooodKdltloii,en]avvea. Sro. 

IlGTintBS OA t]i# HISTOBY of XVOItAn, ftom tlio Eozliesfc TioM 
to the Death of King BdwaidIL By WkuxAX LovaiiAir. With Mapsaiitf 

Illuetrations. 8vo. 154. 

Ih« HISTORY of tlie LIFE and TIKES of EDWARD tho THIBIK 
By WnuAM LoKOMAir. With 0 Maita, 8 Flatea, and 10 Woodeats. S volft 

8vo. 28i. 

HISTORY of MARY STUART QUEEN of SCOTS. Translatod from 
the Original MS. of Professor Petit. By C. db Flaitdrr, F.QJl. Scot. Professor 
of the French Langiugo and Idtentnm In EdialNiii^ Wttti two Forfetalti. 

2 vol?. !to. tr^f. 

WATERLOO LECTXntES ; a Study of the Campa^frn f f 1815. By 
Colonel CHARiJSfl C. Cilesxet, R.E. New Edition. 8vo. wilh Mnp, 10*. 6d, 

Tho LIfE aad TIKES of SIXXUS the FIFTH. By Baron Hubnes« 
Trandftted -with the Author*! laacUon, by H. B. H. Jisbihohak. 2 toIs. 

8vo. iMx. 

The SIXTH ORIENTAL MONARCHY; or, fhr Geography, History, 
and AAtlquitlefl of Parthia. By Obobgb Ra vvukson, M. A. Professor of A«<>towi: 
HistoiyltttlMUnlwiitir of QxCoid. KapaandllUutnClOM. 8vo.l0iv 

Th» 8EVEHTH OBXAT OBIXHTAL KOHAXCET; or, a Hiotoij of 

the Sas-aaians : with Xnticc?, rioofrraphical and Antiquarian. By 0. Rawlinsox, 
M.A. Professor of Ancient History in the UaiTeaisity of Oxford. Svo. with 2£ap6 
«ad niDBtBBtloiii* iJn A^^tm^ 

A HI8T0BT of GBXECS. 67 tho Bev. Gbobob W. Cox, M.A. late 

Scholar of Trinity College. Oxford. Vols. I. & II. (tO the CtoM of tho BdO- 

ponntvsian War) 8to. with Maps and Plans, Ms. 

Iho HISTORY OF GREECE. By C. Tbxblwaix, I).D. Lord Bkhop 
of St. I>aYfd*8. 8 vols, f cp. 8to. 28«. 

OREEK HISTORY from Themistocles to Alexander, in .a Series of 
Lives from Plutarch. BeTisod and anangod by A. H. GL0170B. Now IMIIrfWr 
Fcp. with 44 Woodcuts, «#. 

Tho TALE of the OREAT PERSIAN WAR, from the Historiofl of 

Herodotuf?. 1 y George W. Cox, M.A. New Edition. Fcp. H?. Crf. 

Tho HISTORY of BOKE. By William Ihnb. Eoglish Edition/ 
tranditod and fOTlaed by tbo Author. V01& I. and IL 8to. ^00 Ma. 

SISTOBT of tho B01CAK8 uidor fhe BMPIBS. By tho Yeiy Ben 
G.KBBmia,D.OX.DeaiLof BIy. 8Tolfl.poit8vo.48t> 

Tho FALL of the BOKAN BEPXTBLIC ; a Short History of the Lost 

Century of the Commonwealth. By tho same Author. 12mo. 7*. M. 

THREE CENTURIES of MODERN HI8T0BT. By Chablbs Dun 

Yon'gt:, B.A. Crown 8vo. 7a. 6<f. 

The STUDENT S MANUAL of the HISTORY of INDIA, &om the 
BarUsst Period to tha Present. By OfHaaA Mbadowb TAXLOBt KJGLA.8> 

MJt.I. A. Second Thousand. Crown 8yo. with Maps, 7«. 6<2. 

The HISTORY of INDIA, from the Earliest Period to t!io cToso of Lor;3 
Dalhonsie's Administratioa. By J. C« Mabbhman. S toIa. crown 8to. 2^ 6d. 



Digitized by Google 



WBW WORKS muBBi VI LoiraiCAm M oa. 



SniAH PSUrr : a View of the System of Administration in India. 
By Lipiitfna*t-Ck>lonrl (1 ron^^E CaESNBY, Fellow of tlM UnifaciU^ Ol CWUmtta* 

New Edition, ceriBed ; with Map. 8to. price 21*. 

Tb« I1IP£&IAL and COLONIAL COHSTITUTIOHS of the BEi^ 
TAKmO aMPIRE. inolodtag INDIA.N IHSTITimONB. By Sir Bdwamm 
CitSAar, ILA. With 6 SUps. 8vo. price 15^. 

T!he HISTORY of PERSIA and its PRESEKT POLinCAL SITIFAr 
TIOH^ irith Abstracts «£ all Treaties and Ck>nYentioiis between Persia acd< 
]lBflflm4,«iidoft1ieO(m^<entiMLwithBariwBec^ BsCLMMEKnU,'itABMa/ai, . 

C.B. F,R,S. ^vo. vrith Map, 21. t. 

MAIITTES of IRISH LIFE. By W. Steitatit Ttiexcit, Trite Land " 
Ageot in Ireland to the Marquess of Lanadowne, the Marqoess of Bath, and 
LkA Bigby. Cheaper BOtttoii. Okowa 8m piiM ft. M. 

tk9 STOXHrS XAOTAL of tlia HI8I0BT pf IBBLAVD. 
XaxT OoBAjOK. Grown 8to. prim 6«> 

GBITICAL and HISTORICAL ESSAYS oontribufted to the 

JCerMffT. By the Right Hon. Lord Macauiat. 

Cabinet £DrnoN% 4 yoUi. post 8ro. 21$, } Librabt Edition, 3 vols. 8yo. 3&i. 
FMniraBi»iB>y,9Y0lf.cmmn6fo. 8iu | BnrDBnf8BDirKHr,lT0l.cr.8va8i. 

HI8T0BY Of XUBOPSAV X0BAL8, ftom Angiwtns to Charlemagne ■ 
l|rW*X.H.XaaKr,]LA. Seoond Bdittan. S'v<iIs.8vo.priM98Ri 

mSTORY of the RISE and HTFLTTETTCE of the SPIRIT of 
RATIONALISM ia KUHOPE. By W. E. H. LfiCXY.M^ Cabinet Sd^UoD, 
being the Fourth. 3 toIb. erown 8yo. prioe 16«. 

Tko HI8T0BT Of PHIL080PHT, from Tfaales to Gomte. By 
aaowaHBmnrlawM. FonrthBdltlMu S vols. 8vo. 83i« 

TkO HISTORY of the PELOPONirESIAN WAR. By Tiiucydides. 
Translated by H. Crawley, Fellow of Worcester College, and formerly Scholar 
of UniYersity College, Oxford. 8yo. [^In the press. 

Ihe MYTHOLOOY of the ARYAN NATIONS. By Geokqe W. 
Cex,H«A.lale8diolaroCTEjnitjOoll«ge,OxM, S vo1ik8vo»S8c 

XISIQBY of OimiSATIOHin England and Fiance, Spain and Scot- 
land. By HEmiY Tro!o.s Buckle. New Bdltloa of fbe entbelVWkt Iviili 

a complete Index. 3 vols, crown 8vo. 24*. 

HISTORY of the CATHOLIC CHURCH of JESTJS CHRIST from the 
D^th of St. John to the MidcOe Of ttie Saoond Oantexy. I^yliheaer. X. V. 
Mossman, B.A. 8yo. price 16«. ^ 

HISTORY of the CHRISTIAN CHURCH, from the A3ceTif?ioTi of 
Christ to the ConYersion of Constantine. By £. BnarroN, D.D. late 
Pxol cf BlvJnitj in tbe ITnlT. of OxCbzd* New Button. F^ 9u 9d, 

8KBTCH of tiko HX810BY of tho OHITBQH of nOIAm to tli« 

Bevolntioa of 1688. By the VA^ht Boy. T. V. SHOBT^ D.1>« tofd BlshOp Of ' 

St. Asiipli. Eighth Edition. Crown 8yo. 7s. M, 

HISTORY of the EARLY CHURCH, from the First Preaching of the 
Gospel to fhe Ooondlof 2H0M9AJI.82S. BylIlHBawB[£. Vefi»9vo*4^9d» 

KAUNDER'S HISTORICAL TBBA8UBY ; comprising a Geneml In- 
troductory Outline of Universal History, and a scriea of Separate Historioa, 
Latest Edition, reYised and brought down to the Present Time by the Rev. 
OnoBoa WZLUAM Cox, KJL Fop. 8w. tt. doth, or lOi; eilL 

A 3 



Digitized by Google 



4 



UnSW WORKS P1TBIJ8HBD BT L0KGKAK8 jlkd GO. 



'MTBr uid WOOBVABirt BHCTCLOPADIA of CHUONOLOOT, 

HISTORICAL and BTOGRAPniCAL ; cmnprisinir the Dates of all the Great 
Events of Hiatocyt including Treaties, AlIiaooeB. Wars, Battles, &c. ; Indiients 
fa the Utm of Bminent Hen and tbeir Worka, 8i-lentftBc and Geographical Dl8> 
ooveries, Mechanical Inyentions, and Social Improrementa. SfO* pcioe 42l. 

The FEENCH HEVOIITTIOIT and FIBST EMPIEE ; an Historical 
fikctch. By William O'Co^jiua UomiB, tometime Scholar of Oriel College, 

Ozf0fd« Poet 8T0. Zlfrnflt/ rcadfj. 

The HISTOSICAL GEOGEAPHT of EUBOPE. Y*y E. A. I'u^xa, 
]>*CJfelatelKlk»w<if THnltr OoHege^Ozftixd. 8T0.1fape. {InthepreM, 

ZP0CH8 of HI8T0ET: a Series of Books treating of tbo Histoiy of 

England and Rnmp^ at successive Epochs snbpw^nont to the Christian Era. 
Editeii by Euwauu E. Morris, M.A. of Lincoln Coll^, Oxford. In fcp. 8vo. 
volumes of about SftO pegee eedu The three foUowinlf are rnHmmg «b 

press 

The Cnuadei. Bj the £ev. G. W. Cox, M.A. late Scholar of Trinity 
College* Oxftitd, 

The Sra of the Preteitant EerolutioB. By F. Sbbbokh. 

The Thirtgr Tem' Wart 1618-1648. BjSakcml BAmnr Gabdhseb* 
Jate Student of duist Cftnvdi. 



Biographical Works. 

AUTOBIOGRAPHY, lly Jons .riLAur Mill. 8vo. price T-^'. 6d. 

The LIfE of NAPOLEON III. derired from State liecords, Unpublished 
Family Oorreepondtmce, and Pweonal Testimony. By Blanchard Jkrrold. 

4 vols. 8vo. vith Portraits fmni the Ori^'lnaLs in pc^scssion of the Tniperlal 
Family, and i?'aQ6imiles of Letters of ^'apokon L Kapoleon III. Qoeen 
Hortetue, &e. [Vol. I. nearif reaig, 

LIFE and LETTEES of Sir OILBEET ELLIOT, lint EABL of 

MINTO, from IT.'.l to ISOC. whr n lii-* Pnl)lic T.i!c in Europe wr.s clnopd hy his 
Appointment to the Vice- Hoyulty of India. LJittd by his Graud-isicce, the 
ConansBS of Mikto. 3 vols. Svo* 81«. 6tf* 

KEXOIB of THOMAS FIBST LGED DENMAN, formerly Lord Chief 
.Tn'ticcof r.!>|:l;ind. B.v Sir .Toskph AiiKorr.n, B.A. K.B. late Judge of the ^igh 

Court of jioiiibuy. Willi "J Portraits. 2 vol.--. Nvo. IJl'jt. 

ESSAYS in MODEEN MILITAEY BIOGEAPHY. Bj Chahlks 
GosvwALUS QBmaKt, LIentenant>OoIonel in the Boyal Bngineen. aro. lU, Bd. 

BIBLIOTHEOA COBKUBIEFSIS ; a Catnlogue of the Writings, Imth 

U& and printdl, of rorni.-iliiiif'n from the Earliest TimeF. aiH.1 of Works relatini* 
to the County of Cornwall. With Biographical Memoranda and copioua Literary 
Befsrenoes. By G. C. B0A88 and W. P. GonuTKBT. In TVfo TolnmeB. Vox* I. 

A.. ^. Tnipcr-.ii "-^vn. 21.'. 

BHAKESPEAEE'S HOME and RTJKAL LIFE. By jA^rec Walter, 
Major 4tb Lancashire" Art iliery Volunteers. Comprising a Biographical Karrativc, 
' illtBtrated by about 100 Lantl^^spes and Views produced by the Helioi^pe pro* 

ca:s from Phf to 'raph.^ taki 1 i:; thn 1, ;:i ti >. Imperial 4to. 52*. 6d. 

BIOGKAPHICAL and CRITICAL ESSAYS, reprinffd from Eeviows 
with Additiaus and Correctiuns. Second Edition of the Second Series. By A, 
Bmwaiu), Q.C. 3 Tole. 8to. piice 38«. Third fiBOXie, hi 1 toL 8to. piioe 



Digitized by Google 



NBW WOBKS puBUBBXD bt LONQHAHB asd 00. 



The LIPE of LLOYD, FIRST LOBD KENYOK, LOED CHIEF 
JUSTICE of ENGLAND. By the Hon. GlOBOB T. KXRVm, ILA. of Clu Clu 
Oxfozd. With Portraits. Svo* price 

MEMOIB of GE0E6E EDWABB L7KCH COTTON, D.D. Bishop of 

Calcntta and Metropolitan. With Selections from his Jotunals and Com- 
spondence. Edited by Mrs. CorroN. Crown 8vo. 7s. Gd, " 

MEMOIB of the LIFE of Admiral Sir EBWABB C0DBIN6T0N. 
mth SdectioM fn»ii his Pablie and Ftlvato CorreqNMidaioe. Bditad by his 
Daughter, LadlyBouBCBiBB. Paartntit8» ]faps» and Plaiis. 9 vols. Sro. 

LIFE of ALEXANDER YON HTTKBOLBT. Compiled in Commemo- 
ration of the Centenary of liis Birth, and edited by Professor Karl Biirnxs ; 
translated by Jank and Cakoune Lassell, with 3 Portraits. 2 vols. 8vo. -iiis. 

JOiMOIBS of BABON STOCEMAB. 3y his Son, Baroa £. Yon 
Stocikar. Traadated from tbe Gennaa by G. A. If. Edited by F. Max 
Uttuura, ILA. 2 vols, crowit 8to. piioe 

LOBD GEORGE BENTINCK; A Politlcil Biography. By fhe Bight 

Hon. Benjamin Disiiaku, il.P. Crown tivo. price 65. 

The LIFE OF ISAMBAED KINGDOM BRTJNEL, Civil Engineer. 

By IsAMBARD Brunei-, B.C.L. With Portrait, Plates, and Woodcuts. 8vo. '2ls. 

RECOLLECTIONS of PAST LIFE. By Sir Henry Holland, Bart. 
M.D. F.BJ3. late Physielan-iii*Ordi]uu'y to the Qoecu. Third Edition. Post 
8vo. pdoe 10«. (kf. 

The LZFS and LETTERS of the Rev. S7DNET SMITH. Edited 

by his Daughter, Lmly Holland, and Mrs. Austix. Crown 8vo. price 

LEADERS of PUBLIC OPINION in IRELAND; Swift, Flood, 
Grattan, and O'ConncU. By W. E. B. Leckt, M;A. JHqv ]£ditioii« revised and 
enlarged. Crown 8to. price 7«. 6d. 

DICTIONAHY of GENEPtAL BIOGRAPHY; couLiiiiimg Concise 
Memoirs and Notices of the most Eminent Persons of all Countries, from the 
BarlieBtA«es to the Present Time, fidited by W. L. B. Gaxbs. 8vo.2U. 

LITSB of the QUEENS of ENGLAND. By Aonbs Strickland. 
LibraiT Edition, newly revised ; with Portraits of every Qoeen, Autographs 
and Tignettes* 8 vols, post 8vo. 7«. M. each. 

LIFE of the DUKE of WELLINGTON. By the Rev. G. R. Glbiq, 
H. A. Popular Edltfott, caref nlly revised ; with copious Additions. Crown 8vo« 

with Portrair, 5.^. 

FELIX MENDELSSOHN'S LETTERS from Itah/ and Switzerland, 
and IMUrt from 18^ to 1847, translated by Lady Wallace. New Edition, with ■ 
Portrait. 8 vols, crown 8vo. 6«. each. 

MEMOIRS of SIR HENBY HAVELOCK, K.C.B. By John CuLaK 
MABSaiux. Cabinet Edition, with Portrait. Crown 8vo. price 8«. €cf. 

YICISSITTIDES of FAMILISS, By Sir J. Bkbnabd Bvbkb, C.B, 
Ulster EJag of Arma. NeW Editton, zemoddled and enlaised. 2 vols, orown 

8vo. 2\s. 

The BISE of GBEAT FAMILIES, other Essays and Stories. By Sir 
J. BSONABD Bdrkjc, C.B, XJLstcr King of Arms. Crown bvo. price 12*. M, 



Digitized by Google 



KBW VOUft rvBUBBiD n LOKOXiiNS akd €0. 



S88ATS in ECCLESIASTICAL BIOOBAFHY. the Big^ Hon. 

Sir J. f^TKruFN', LL.D. Cabinet Edition. Crown 8vo. 7a. ti<i. 

MAUKDEB'S BIOGRAPHICAL XEEASU&Y. Latest Edition, re- 
n n w tin ii ti n l , ttunm^hly revised, and fai great partmnfUti; wi0i Ijm addi< 
tiaaal]l«MtaiaiidMolloH,fej W.L.E.(Un8. Yqpb8vo^6t.c]oth; lte.ca]f. 

UTTEBS and LIFE of FBAKCI8 BACOK, including all his Occa. 
dooal Works. CoUected and edited, with a Commentary, by J. BrtmaxQ, 
Trin. CoU. Cantab. 6 vols. 8vo. £8. m. Vol. YII. oompL^ioQ, nearly ready. 



Criticism^ Philosophy^ Polity, &c. 

A SYSTEMATIC VIEW of the 8CIEKCE of JUBISPBUDEITCE. 
By BHXLDOi* AJMOti, M.A. Professor (d Jorisprndenoe to the Inns of Oonrt, 
Loodon* Svow prioe ISf. 

A PIUOEB of th* noun C0V8TITITII0V ud OOVBRMMBR. 

Ty ?HKr / V Avo^:. M.A. Proftiwarol Jnilipgadaaoa tolhelnnB of Comt. New 

Eilitiou, i Poiit. 8to. [In the pr^ss. 

The INSTITUTES of JUSTOriAK; with English Xntrodnction, Trans- 
lation and Notes. By T. C. Saxdabs, M.A. New Edition. 870. ISs. 

80CBATB8 and the 80CBATIC SCHOOLS. Translated from the 
German of Dr. E. Zkllkr, with the AoAlMUfBa|i|iiOTal» the Bflv; Oswaxd J. 

Heichkt,, M.A. Crown 8vo. 8j. Gd. 

Ihe STOICS, EPIClTBEAirS, and SCEPTICS. Translated from the 
Geruitt n of Dr . £. Zrxjueb, with the Author's approval, by (toWALD J. Eeichel, 
JfJL« OBOwn Svo* ptioe I4jl 

Th% STEKt •f 'ASmOTLB, tUnetnted with Esflays and Notes, 

By Sir A. QbABT, BHt^ HjL LLJ>. Tblld Bditlon, revistd r ^ partly 
rewritten. [//i prew. 

The f OUnOS of A&ISTOILE ; Greek Text, with English Kotes. 
BKauu>OomaafB,]LA. HeirBdillon,Mvlwd. 9m, iJgMpreadHf' 

The inCOXACHBAH ETHICS of ABISTOTLE newlj fcnuifllated into 

English. By R. Wiixtams. B.A. Fellow and late Lecturer ot Jteton fftlHnfff, 

nrii f nmr ti:nr Stiidcnt of Christ Church, Oxford, bvo. l'2s. 

ELEMENTS of LOGIC. By R. Whati t y, D.D. late Aichbiahop of 

Dublin. Kcw Edition, Svo. 10*. 6J. crowu bvo. 4.«. Gt/. 

Elements of Ehetoric. B^ the same Author. Kew Edition. Sro. 
lOi. M. down Sfo. 4f. 6& 

Englisli Synonymei. By E. Jamb Whatblt* Bdited by AzcMmthop 
WaiXKLT* Fiftta Bdition. F^ S?o. indae St. 

lACOH^S ESSATS with AHVOTATIONS. By B. Whaxblt, D.D. 

lHt<f ArcV.bishop of Dublin. New Edition, Svo. price 10#. 6rf. 

low BACON'S WOEKS, cr.lL^-ted and cdHM by J. Spbddxto, "W^j. 
B. L. Ellis, MJL. and i j. I). Hkatii, 7 vols. 8vu. price £3. 13*. Cd. 

ESSATS C&ITICAL and NASEATIVE, partly original and parUy 
lepdnted fMoi the Bdlnbozgh, Quarterly, end other BsfleinL Bv WILU4X 
FOBnTH,Q.O.]LF.lor Kaq^abone. 9to, Cmifrefl#. 



Digitized by Google 



« 



KBw waass fcbusbxd ST LOJHaiCAKS akd co. t 



laie SUBJECTION of WOXfiir. 3j Johh SmsT Mit.t., ISew 

Edition. Post 8to. 

On B£P&£S£NIAII¥S 60Y£BSX£2iI. 3j Johk Sxua&x m,t^. 
Gvowik 8vo. pi^36 2t» 

Oa LIBEBI7. By John Stuart :Mill. Hew Edition. Post 
8TO.7«.6di Crown 8vo.prioel4.4dl 

mXVCIFLES of POLmCAIi EOOKOXT. By the same Anibocu 
8«v«&th Bdttlon. S volt. 870* 80«. OrinlTO].en>vn8TObpcioe6«. 

WATS on BOXE TTHSBTTLSD aiTESTIOirs of POLITI0U 

ECONOMY. By John Stuabt Mill. Second Edition. Syo.Bt.ed. 

imUXAmAViaX. By Jobn Stvabt Mnx. Kew Edition. 8vo.fi«, 

BI8BSBTATI0VB and BISCUSSIOITS, POimeAl, FHILOflOPHI* 

OAItp ftdd HI8T0BI0AL. By Jomr Szuabx Uiia. 8 Tota. 8to. S61«. 

KAHIKATIOir of Sir. W. HAMILTON'S PHILOSOPHY, and of the 

Principal Philosophical Qncstion<) diaonawd In taiB Wzitiliffk JOBK SltfABS 

Milt,. Fonrtli Edition. 8vo. 

An OUXLINB of the N£C£SSABT LAWS of THOITOHT ; a Treatise 
on Pure and Applied Lo^c. By tiie Most Ber. W. Thomsok, Loid AxoUbidiop 

of Yor-k, T).D. F.R.S. Ninth ThouBand. Crown 8to. r"cc 5.^. 64. 

JBINCIPLES of ECONOMICAL PHILOSOPHY. By Hknby Bukotno 
MACLEOD, M.A. Barriater>at-lAW. Second Edition. InTwo Yoltimes. YouL 
8f0.psjo»lAit 

Aromof KOGIQ^SATIOGZHATmiadimirOim. By Johh 

BnuBTHtUi. WiifihXdlUoii. Two-To38.8vo.2St. 

The ELECTION of BEPUSSNTATIVES, Parliamentary and Mmii- 
cipal ; n Treatise. By THOMAS Habe, Barrister-at-Law, Crown 8vo. 7*. 

SPEECHES of the BIGHT HON. LORD MAGAUXiAY, eozxooted hy 

Himself. People's Edition, crowu 8vo. 3,?, 6J. 

Lord Macanlay's Speechef on Parliamentary Beform in 1881 and 
1888. lemo. If. 

7A1III.XE8 of SPEECH : Four LectaioB dellTered before the Hoyal 
Institntion of Great Britain, By the Ber. P. W. Fabrab, DJ>. FJK.S. new 

Edition. CrowTi 8vn. 'y. cd. 

OHAPTEES on LANGUAGE. JJy the JioT. h\ W. Takbab, D.D. JFJEt^S, 
Kew Edition. Crown 8vo. 6s, 

A BICnOH AST of the SHOLISH LAHGITAGE. By H. a. Lathav, 

M.A. M.D. F.R.S. Founded on the Dictionary of Dr. Sajiuel Johnbox, aa 
edited bj the Bev. fi. J. Todd, with anmsocous Eznendations and Additions. 
Ilk Four vfllimies, 4to. prtoe i&7« 

A PBACTIOAL BVGII8E BIOTIOMABT, on the Jlan of mite's 

Eiigli.*h-Latin and Latin-Engli.-<h Dictionarii . John T. WHrrK, D.D, Oxon. 
and T. 0. Donkim, M.A. A BsiBtftnt-Maater, King Ed\irard*B Grammar School, 
Bbmlnglum. PoitSvo. IJnOeprm, 

IHBSAimirS of BNGLISH W0BD8 and PHBA8E8, classifled and 

arranged bo aa to facilitate the ExpreRsion of Ideas, and ai^i t in LitetSiy 
Oompoiition. By P. M. Boasr, M,D. Kew Edition. Crown 8to. 6«i. 



Digitized by Google 



HXW VrOBXB PDBLOBXD BT L0N61CAX8 AVD 00. 



LSCTIT&E8 on the 8CIEHCE of LAKOUAOE. By F. Max Muixeb, 
]f.A.I(o. Bfgrth B dt t lon. Sw]t.orown8?o.ie«. 

UAWUAL of SS0II8H LITESATintS, Historical and Critieal. Bj 

ThOM^ ARKor n, Tif .A. Npv,- EfiitiVin. Crown 8ro. 7a. 6d. 

THBEE CENTURIES of ENOLISH LITSRAXUBS. 3j Chabiw 

TlUKR YnNcK, Crown 8vo. price 

gOUTHEY'S DOCTOR, complete in One Volume. JidiUd by the Kev. 
J. W. WARTitn, B.D. Square crown 8to. 12*. GtL 

HISTORICAL and CEITICAL COMMENTARY on the OLD TESTA- 
MENT ; with a New J i nn 1 t; -i. 1 :y ? [ Kaumhi, PhJ). Vol. I. Oeneris, 
8vo. 18«. or ndaptcd for the General Beiider, 12«. VOL. II. Exodus^ 15s. or 
adapted for the Oeneral Header, l'2t. Vol. III. LeviUcutti Part I. 15*. or 
adapted for the Gcnrrnl Headc r, 8«. YOL. lY. LevMcut, PABT II. Uf. «r 
adaptod for the Genmi! Rrac'er, H.?. 

A DICTIONARY of ROMAN and GREEK ANTICITTITIES, with 

about Two Tliousand Engraviiip? on Wood from Ancient Originals, Uloab^tiTe 
of the Industrial Arts nnd Sm ial Life of ihe Greeks nnd Romuns. By A, BUCBf 
B. A . Third Edition, revisotl on imj mved, Crowntivo. price It. 6d. 

A LATIN ENGIISH DICTIONARY. Ey Jomr T. Wihte, D.D, 
Oxon. and J. B. lln'ni T:, M.A. Oxon. lloviscd Edition. 2 vols. 4to. 42*. 

WHITE'S COLLEGE LATIN-ENGLISH DICTIONAKY antormedmte 
Size), abridged for the xiae of Univerbitj Students from the Parent Work (aa 
abort). lIMiiim8T0.18». 

WHITE'S JUKIOB STVBEHT'S COHFLETE LATHT-SirGLISH ani 

BNGUBH-LATIN DICTIONARY. New Edition. Square 12m o. price 18*. 

a^.,.„„.„,, / The ENGLTPTT T. ATP: DICTIONARY, price n*. Cut. 
WpaiBWjy I LATIN. i..\GLI^ii DICTIONAKY, price 7s. 6d. 

A LATIN -ENGLISH DICTIONARY, for Middle-Class Schoole. 
wituM^fd fnm the Jnnlor Stadenfe Latiii<English Didlaiiary. By JOBH T. 
1^91X^0.0.01011. ISmo* ilntkefirett. 

An ENGLISH-GREEK LEXICON, containing all the Greek Words 
used by Writers oC good sutboritsr. By 0. D. Y0NO8« B.A. New Bdition. 
4to. prtoe 

Xs. YOKGE'S HEW LEXICON, English and Greek, abridged from 
hie larger work (u above). BeTiaed Bditton. Square Iteo. ]nrlce 81. Cd. 

A GREEK-ENGLISH LEXICON. Compiled by H. G. Liddell, B.D. 
Dean of Christ Cbnrcta, and R. ScoiT, D.D. Dean of Boeheefeor. Sixth Bditlozu 

Crown 4to. price 36ji. 

A Lexicon, Greek and English, abridged from Liddell and Scon's 
€hr9^MngtUk Zexkom, Fomteenth Editioii« fiqtune ISnio. Is, 9dn 

A SAHSKBIT-SNGUtSH BIGTIOKABT, the Sanskrit words printed 

both in tlic original Devanafrari and in Boman Letters. Oomplled faj T, 
Benfky, Prof. In the Univ. of Guttingen. 8vo. 5-2,«. (id. 

A FBACTICAL DICTIONARY of the FRENCH and ENGLISH LAN- 
GUAGES. By L. CoxTAXSKAU. Rcvffied Edition. Post Byo. 10#. 6d, 

Coatanseaa's Focket Dictionary, French and i::i]glibli, abridged from 
the above bj the Attttaor. New Edition, reviied. Sqnare ISnoo. 8«. 64 . 



Digitized by Google 



HBW W0BX8 FUBUSHKD BY lOKGUAKS avd 00. 



mSW FSACnCAL BIOnOlTABT of thb GBBKUT lAHOTAOB^ 

German-En gliBh and English -Gennan. By the Hev. W. L. Bli4CKUr, ILA. 
and Dr. Carl Mabtin FHm)f JLvdkb. Post 8vo. 7*. 6d, 

The UA8I2BY of LANOUAGES ; or, the Art of Speaking Foreign 
Tongaw IcUomatically. By Thomas Pbrndbrqast. 8to. 6s, 



Miscellaneaua Works and Popular Metaphysics. 

£8SAYS OR rBEEIHINKIlTG and PLAIN-SPEAKING. By Leslib 
BiBPHiN. Cvown 8to. lOi. 6d, 

SISCSLLAirEOTO and TmSUKOVB WOBXft of tiie late HBNBt 

THOMAS BUCKLE . Edited, vilh A Biographical Notice, fcy Hhlbh Taylob. 

8 vols. Sto, priro r}'2s. C?/. 

MISCELLANEOUS WEITINGS of JOHN CONINGION, M.A. late 
CorpuB Professor of Latin in the University of Oxford. Edited by J. 
SmooiSB, M.A* Wiih a Memoir tay H. J. & Smith, M.A. 2 Tola. 8to. !i8f. 

SEASIDE UTTSINGS OV STJNSATS AND WEEK^BATS. By 

A. K. H. B. Crown 8vo. price 3^. 6d, 

Bacreations of a Country Parson. 3j A. K. H. B* Fibst and 

Second Skhik.-, crown 8vo. Us, 6<I. each. 

Ilie Common-place Philoioplier in Town and Conntry. £j A.K. 

Oiuwn 8?ck piioe 8f • M> 
Leimitt Hovrs in Town; Eseap Oonflolatory, .Ssdietieal, Moialt 

Social, and Domestic. ByA.K. H.B. Crown 8to. 8f. 6cf. 
Tbe Antnmn Holidays of a Conntry Parson ; Essays oontribnted to 

Fraser't Marjazine, &c. I!y A. Tv. 71, B. Crown 8vo. 3*. Gfi. 

The Graver Thoughts of a Country Parson. By A. £« H. B. iFinsT 

and Second Seuiks, crown Svo. o*. (jJ. each. 

Critical Essays of a Country Parson, selected from Essays con- 
tiilMitedto.AvieK«lf(BV<A»AM. ByA.E.H.B. Crown 8to. Sfc 6(f. 

Svnday Aftemoona at the Pariili Cfhnreli of a Seottiah Vniyoraity 

Gl^. ^7A.K»H.B. Grown 8vo. Sf. 6d. 
lessons of Uiddle Age; with some Aceonnt of Tarioua Cities audi 

Men. By A. K. II. B. Crown Svo. h«. r^h 

Counsel and Comfort spoken from a City Pulpit. By A. £• H. B. 

Crown Svo. price 3<. 6c/. 

Clianged Aspeots of Unohanged Truths ; Memorials of St. Andrews 
Sondaya, ByA.E.H.B. €2rown 8to. St. Set. 

Present-day Thoughts; Memorials of St Andrews Sundays. By 

A. K. 11. B. Crown Svo. ?<r:. C,f. 

SHOET STUDIES on GREAT SUBJECTS. By James Anthony 
FnoUDK, M.A. lute Fellow of Exel( r Coll. l>.\1( ni. 2 yoIb. crown 8vo. price 

LOBB MACAULAY'S MISCELLANEOUS WRITINGS 

Library Eomox. 2 vols. Svo. Portrait, 21s, 
PaopLB'sBDmoar. ItoL crown Svo. 4«.6cl, 



Digitized by Google 



I 
I 



10 KBW WO&KS ruBUSHKD BT LONOMA27S ajtd 00. 



pi'ifuu'ili Buinovy la onnnk pdoe Ct* 

B«T. STDHBT SXITK'S SBSATi contributed to the Edinbnfe^ 
Beview. AathodndBditioii^ooiiipieteiiil vol, Gioini9v(i.prioe8«.6il.H««l 

or n*. r>(/. cloth. 

Tlie £ev. SYDSEY SlUTH'S ILISCELLANEOUS WOBKB; mcludisg 
his Contribnttons to tlw Edinburgh Revieto, Crown 8to. 6t, 

The Wit aad Wiadom of the &ev. Sydney Smith; a Selection of 
fliBaidrtimBiocriaePMMgwIii hkWtiUngitaA Ckawwirttou l9mo,U,9i» 

th» EOLIPftB «f FAZTB; or, a Yitit to a BeUgious Sceptic By 

Hbkkt Booebs . I n test Edition . Fcp. 8yo. price 5«. 
Befence of the Eclipse of Faith, by its Author ; a iKpomdev to Dr« 

Kowmnn'H R'^ply. Lat^et Kdition, I>]1 Hvo. price [is. Gd. 

CHIPS from a GEEMAN WOEKSHOP; Essnys on the Science of 
Beligioo, and on Mythology, Traditiona, and Customs. By F. Max MtfLLSBt 
MjIuIhs. Seoo&d Edittim, 8t«iIb*'8vo« £2. 

ANALYSIS of the PHENOKEKA of the HUtfAH ]CIV3>. By 

James Mill. A New Edition, with Notes, Illustrative and Critical, hr 
Alexakdeii BAUf, A^DiiKW F^^DLAT£B, and Gbobqk Qrote. Edited, with 
additkmalKota^by JoswMABrViLii. S v<di. avo. icioe 28ii> 

An INTBODTTCTIOir to MSRTAI BXIL080PXY, on the Inductive 

Method. By J. D« MoitELL, M.A. LUO, 8vo. 124. 

SLEMENTS of PSYCHOLOGY, containing the Analysis of the 

Intellectual PowerB. By J. D. Morjell, M.A. LL.D. Post 8to. 7t. 6d. 

The SECRET of HEGEL ; being tlio Hegelian System in Origin, 
Principle, Form, and Matter. By J. H. Sitolino, LL.D. 2 vols. 8vo. 285. 

&1R WILLIAM HAMILIOli ; being the Philosophy of Perception : an 

Tlie 8SH 8S8 and tlie IHTJSCLBCT. By Albzasoobb Baik, SLD. 
FntaorelLogioSnflieniiiTefiitjoCAbeEdeen. Thizd Editfon. 

MSKTAL and HOBAL SCIENCE : a Compendium of Psychology 

and Etliics. By the ^nmc Author. Third Edition. Ciown Svo. 10s. ed. Ot 
separately : Pakt i. AienLai Scunce, 6j. Gti. Part 11. Moral Scieiic-f, 45. Ci. 

LOGIC, DEDUCTIVE and INDUCTIVE. By the same Author. In 
TwoFABm,orown8T0.1Qi.M. BadiPftrtiiiay Mhadiepuvtei^:^ 
PabcL MKeM0n,4«. Past IL /uMIm, Si. 9dU 

TIXB and SPACE; a Metaphysical Essay. By Shadwoeth H. 

HoDosoN. (This work oovezs tba whole growid of ftpeoolatiTe Philoaoiiliy.) 

8Vo. price 16#. 

The IfiEOEY of PEACTIGE ; an ETHICAL ENi^UIEY. By the same 

Author. (This work, in conjunction with Vbm fosegolng, oamplefeei • ^frttBI OC 

Philn-inphy.) 2 vola, 8vo, price 21s. 

Die PHILOSOPHY of NECESSITY ; or, X itiiral Law as applicable to 

Ment^il, Moral, and Scx-ial Science. By CnAiiucs BiiAY. 8vo. 9j. 

On Eorce, its liental and Moral Correlates. By the same Author. 
8vo. 



Digitized by Google 



VXW W0BX8 FUBUBBID BT UOIXGiUM AKD 00. 



11 



A XANTTAL of AHZKBOPOLOOY, or 80IEKCS of KULIT, Used 
' mllodMiiBAMMNil. B^ObababBray. Orowii8TiKl«ioe6«. 

A FHBSVOLOGIST AXOmST the TODAS, or the Studyof a Frimi. 
tive Tribe m Poutb India; History, Character, Cnstoms, Religion, Infanticide, 
Polyandry, Language. By W. £. MAni^wAi.T.^ lieateoant-Coloael B.S.C. With 
96 moitnitlQns. 8to. 914. 

A XBUTOB «tt HimAV VATITBS ; bang an Attempt to Introdiice 

the Experimental Method of Reasoning Into iforal Subjects. By David Hums. 
£dited, with Notes, &o. by T. H. Qrkkx, Fellow of Balliol College, Oxford ; and 
T. H. GBOBByMlow and Tutor of Queen's OoBege, Oxlerd. 9 toIs. 8vo. 

llntAepnti. 

aSBATS MOBAL, POLITICAL, uid LZTS&ABY. Bjr David Hums. 
By the pnme Editors. 2 vols. 8vo. [In Ute press. 

XX£B££W£a'S SYSTEM of LOOIC and HISTOBT of LOaiCAL 
DOOTBIKHS. TnmAaMeAt nVSb. Notee and Appendfees, by T. IL Limmat» 
KA.F,B49kX. 8fe» prioe I6i. 

A BUDGET of PABABOXXS. By Avouffinrs BtB Moboan, F.IUL8. . 

and C.P.S. 8vo. 15*. 

Zke O'KEEFFE CASE; a fall Report of the Case of \}\<- "Rev. Robert 
0'£ee£te o. Cardinal OoUen* inclndiug the Evidence and the J uUgmeuta, With 
aaIatKodiiotionl]!jH.O.XiBXF4XRiOK,Berii«tor. 8to.12«, 



Astronomy^ Meteorology^ Popular Geography^ &c. 

BBINKLEY'S ASTKONOMY. Revised and partly re-written, with 
Additional Chapters, and an Appendix of Questions for Examination. By J. W. 

Btit^bs, D.D. Fellow and Tutor of Trinity College, Dublin, aod BBIomOW, 

Ph.D. Astronomer Royul of Ireland. Crown 8vo. price 6*. 

OUILIKES of ASIEONOMY. Bj Sir J. F. W. Hebschel, JBart. 
HA. Lateet Bdifcion, vltli Plates and Dfagreme. Sqnaze crowB Sro. 13c 

SWAYS on A8TB0H0MY : a Series of Papers on Planets and Meteors, 

the P in nnd 8nn>8urronnding Space, Stars and Star- Cloudlets ; and n "Dissertation 
on the approaohing Transit of Yenus. By Eichaiu> A. Fboctoh, B.A. With 
10 Plates and 34 Woodonts. 8ve.l8i. 

laM VHITBBiB and tlia OOXim TBAVSITS : F^enting Be- 

Foar -l'.oa into and New Views respecting the Cori-titntion of the neavens; 
together with an Investigatioa of the Conditions of the Coming Transits of Yenus, 
B7 B. A FBOOlOBt B.A. With 82 Obarts end 83 Woodeats. 8?ii».16i» 

XlM KOOV ; her notions, Aspect, SeoMry, and Pliyskal Condition. 

By B. A. Froctok, t^.a. With Flatai Obaxti» Woodcuts, and Tlnee Iionar 

Photographs. Crown bvo. \ hs. 

The SUN; BTTLEB, LIGHT, FIBE, and LIFE of the PLANETABY 
SYSTEM. By B. A. Fiiocron, B.A. Second Edition, with 10 Plates (7 00- 
' loiind)sndl07FfgnNsoiiWood. Oiown8Ta.l4«. 

OTHEB WOBLDS THAN OTTBS ; the Plurality of Worlds Studied 

iiTTlpr the Light of Recent Soicntlflc Researches. Bv R. A PBOOZOB, BJU 
^hird Edition, with 14 lUustrations. Crown Svo. IOj. 



Digrtized by Google 



IS 



KSW WORKS i uBUiiUKD by LONGMANS and CO, 



Ihe OEBS ilBOIJND US; a Series of Familiar Essays on the Moon 
and riftnets, Meteors and Comets, the Boa and CololinMl FfelnaCStttl. Bjf 

Jl. A. PnocTOB, B.A. Crown 8to. price 7t. 6c/. 

8ATUBK and ita 8Y8IE1C By A. Paoctob* BJL 8m with 14 

Plates, Us. 

SCHELLEN'S 8PXCTRUK AKALTSIB, in its application to Terres- 
trial SnbBtances and the Physical Constitution of the Hcarenly Bodies. Trans- 
lated by Jans and C. Lasskll; edited, with Ifotea, by W. Hugoixq, LLJ>. 
7.R.8. With 18 Plates (6 coloured) and 338 Woodonta. Sro. prioe 2Sc 

A NEW STAB ATLAS, for the I.ibrnry, the School, and the Observatory, 
in Twelve Circular Maps ^with Two Ind^x Platen). Intended as a Companion 
to 'Webb's Celestial Objecto for Common Telescopes.' With a Letterpress 
Introduction on the Stndy of the Stars, iUnstratcd by 9 Diagrams. By B. A. 

r J ; ' ■ ( -TOR, B.A . ( ' 1 r w 1 1 > M ) . r,s. 

CELESTIAL DEJECTS for COMMON TELESCOPES. By the T? v. 
T. W. Webb. M.A. F.B.A.S. Third Edition, revised and enlarged ; with Maps, 
nat«» and Woodcala. Crown 8to. prioe 7«. M. 

AIB uld EAIH; the Beginnings of a Chemical Climatology. By 

E'~>HK!?T Avr,f--j Cm!ttt, Fh D. F.R S. F.r.9. With 8 Tnii>.-trations. 8vo. 24r. 

HAUTICAL SURVEYING, an INTRODUCTION to the PRACTICAL 

andTHEORKTlCAL STUDY of. liy J. K. Laughton, M.A. Small 8to. 6i. 

MAaNETISM and DEVIATION of the COMPASS. For the Use of 
Sfeiidenti fn Kari^tion and Science BchoolSi By J. Mkbrihsld, LLJ). 

18mo. n,/. 

BOVFS LAW of STORMS, considered in connexion with the Ordinary 
Movements of the Atmosphere. Trnniilated by R. H.SocriT, M.A. 8vo. 10.<r. 6<i, 

KEITH JOHNSTON'S GENERAL DICTIONABT of GEOGRAPHY, 
Deioriptiye, Physical, Statiitioal, and Historical ; forming a complete Oaietteer 

<tf the World. New Edition, revised and corrected to the Preaetit Date by the 
Author's Son, KJinu John.-ton, F.IUG.S. 1 vol. 8vo. \yearly ready. 

The POST OFFICE GAZETTEER of the UNITED KINGDOM. Being 
a Complete Dictfonaiy of all Cities, Towns, Tillages, and of the Prinetpaa Gen- 
tlemen's Seats, in Great P.ritaiii mid Irehitid ; Referred to the neares^t Post Town, 
Railway and Tt IcgrapU Station : with Natural Features and Objects of Note. By 
J.A.8BABP. ItoLSto. of abont 1,600 pages. [/atikejHWM. 

Th9 PVBLie SCHOOLS ATLAS of XOBERIT OBOeitAPHT. In 

ni Maps, exTubitfnf? clearly the more important rhTsical Features of the 
Countries delineated, and Noting all the Chief Places of Historical, Commercial, 
or Social Interest. Edited, with an Introduction, by the Ber. G. BimJBB, H 

Imp. ito. ]irire H,?. C,!. sewed , or S*. cloth. 

The PUBLIC SCHOOLS MANUAL of MODEKN GEOGEAPHY. By 
the Rev. Qeobob BcTLsa, M.A. Principal of LiTcrpool College ; Editor ot ' The 
Pohlic SchoolB Atlas of Modem Geography/ [/a preparaHom, 

The FITBLIO SCHOOLS ATLAS of AVCIXHT OBOGSAPHT Editedp 

with an Introdnction on t!ic Stxidy of Andcnt Geography, by the BOT. GBOBOK 
Butler, MJL* Principal of liverpooi College. Imperial Quarto. 

A MANUAL of GEOGRAPHY, Physical, Industrial, and Political. 

By W. ITuGnns F.R.G.S. With G ifaps. Fcp. 7*. Gd. 

HAUNDER'S TREASURY of GEOGRAPHY, Physical, Historical, 
Dtflcriptive, and PoUtical. Edited by W. Hughes, F.R.G.'8. Revised Edition, 
withfMapaandlQPtatei* Fcii.<f.ciloth,or lOkljonndlnoili, 
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Natural History and Popular Science. 

LONGMAN & CO.'S TEXT-BOOKS of SCIENCE, MECHANICAL and 

PHYSICAL, ttdapted for the use of Artisans and of Students in Public and 
Bdence Schools : — 

Akosbsom's strength of Materiala, small 8to. 8«. Qd, 

Abmsiboko'b Organic Chemiatry, Bs. Gd. 

Bloxam's Metals, Ss. Gd. 

OoODEVK's Elements of Mechaniam, 8«. 6d. 
■■■ Principles of Mechanics, 8«. W. 

Griffin's Algebi-a and Trigonomctiy, St. 6d. Notes, StMU 

Jknkin's Ele<'tricity and Magnetism, 3s. 6d, 

Maxwell's Theory of Heat, 3s. 6d. 

MxBBmsLD's Technical Arithmetic and Mennmfclon, Bs, 6d, Key, 2<. QtU 

Miu.SB'8 Inorganic Chemistry, 33. M. 

Shelley's Workshop Appliances, 3^. 6d. 

Thorpe's Quantitative Chemical Analysis, 4f. 6d, 

THOBPB k Hunt's Qoalitativo Aaft^yelt, Sf. 94, 

WJOBOafa Plane and Solid Geometry, 8^. 6d. 

*»• Other Text- Books in active preparation. 

£L£H£NTABT TBEATISE on PHYSICS, Ezperimeatal and Applied. 
Translatod and edited from GAseorta' tUmmU d» rhinigue bj B. Anossoy, 
Ph.D. F.C.S. Now Edition, revised and eiduged ; with » Oolonred Plato and 

72G WoodcutB. Post 8vo. 155. 

NATUBAL PHILOSOPHY for GENERAL BEADEBS and YOUNa 
PBBSOKB ; being a Oonne of Physlca dlveeted of Mathematioal VonavSm 

expressed in the language of daily life. Translated from Gaxot's Cours de 
Physique and by E. Atkixson, Ph.D. KC.S. Crown 8vo. with 404 Woodcuts, 
prioe 7«. 6<l. 

HELMHOLTZ'S POPTTLAB lECTTIBES on SCIENTIFIC SUBJECTS. 

Translated by E. Atkinson, Ph.D. F.C.S. Professor of Experimental Science, 
Staff College. With an Introduction by Professor Ttndalu 8vo. with nume- 
rous Woodcuts, pdce 12*. 6({. 

SOUND: a Course of Eight Lectures delivered at the Royal Institution 
of Great Britain. By Jou.n Tyndall, LL.D. 13.C.L. F.E.S. Ilew Edition, 
^rtth 1419 Woodcata. Crown 8vo. St. 

HBAT a XODE of KOIIOH. By Johw Trtoall, LLJ). D.CL. 
FJU8. Fooxtli Bditlon. Gtawwn 8to. with Woodeitte, 10». 6tf. 

CONTRIBUTIONS to MOLECULAB PHYSICS in the DOMAIN of 
RADIANT HEAT. By J. Xtkdall, LL.D. D.C J^. f.B.S. With 2 Plates and 
81 Woodcuts. 8to. 16«. 

JtESSABCfHES on BIAMAGNETISIE ftiid HAONE^TSTAILIG 

ACTION; including the Question of Piamapnptic Polarity. By J. TTKSALL, 
M.D. D.C.L. F.K.S. With 6 plates and many Woodcuts. 8vo. l is. 

NOTES of a COUBSE of SEVEN LECTUBES on ELECTBICAL 
PHEKOMENA and THBOBIES, ddlTered at tho Boyal Institution, ad. 1879. 
By JOBsr TnEDALL, LL.D., D.0 Ji., P.B.S. Crown 8vo. U. sewed ; 1«. M. cloth. 

ElEMENTABY TBEATISE on the WAVE-THEOBY of LIGHT. 
By Humph RET Llotd, D.D. D.C.L. ProTOst of Trinity College, Dablin. Third 
Edition, revised and enlarged. 8vo. price 10«. 6<f. 

LECTUBES on LIGHT delivered in the United States of America in 
the Years 1872 and 1878. By John T^-ndall, LL.D. D.CJ:i. FJU3. Willi 
Frontisjjiieoe itad Diagrams. Crown 8to. price 7«. 6d. 
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V0TS8 of a COUaSE of NINE LECTUKES on LIGHT delivered at tli© 
BojRl Institotion, a.b. wm. By Joiix TrKDAIX, IIt.D. D.C.L. F.R.8i 

Cru .vn Syo. price 1 5. powed, or li. 6d. Clottu 

nA6H£NTS of SCIENCE. By John TmPiT.T^ U. P. J).aii. f.E.a 

Third Edition. Svo. price 14*. 

LIGHT 8CIXHCE for L£I8UE£ HOUilS; a Series of Familiar 
bnift on fideiitlfio Snbjecte, Nfttaral Phenonienft, B/ B. A. Fboctob, 
* BJL Fint Mid Second 8cri». Crown 8vo. 7«. 6d. oftoiu 

The CORRELATION of PHYSICAL FORCES. By the Hon. Sir W. R 
Oboti» JLlJu F.B.8. &e. fiixUi Edition, with otiaet Contribotions to Science. 
8to. [In the press, 

Frofeisor OWEN'S lECTUBXt on tlM COMFABATIYE ANATOXT 
and Physiology of the Invertebrate A&inuila. BeoondBdittao, with 386 Woodcnfcik 

8vo. 21 J. 

The COMPARATIVE ANATOMY and PHYSIOLOGY of the VERTE- 
BRATE ANIMALS. BjHiCUAKU UwiLN, i' .Ii.i>. D.U.U With 1,472 Woodcuta. 
S TOii. 8vOk ^< ISt. M. 

nnroiPIES of animal mechanics. By the Hot. aHAmrar, 

F.H.f. roHow of Trin. Coll. D«M. M.D. Dubu and D^L. Ozoo. Second 

Edition, with 111 Figures on Wood. Svo. iMa. 

The EARTH and MAN ; or, Physic<al Geography in relation to the 
Hbtoiy of Mankind . Sli<,'htly Abridged from the Fxeneh of A« €K:m)T, with a 
fewNotea. Fifth Bditlon. Fcp.8TO.2Jti 

BOCXS CLASSIFIED and DS8CBIBXD. By Berwabd Vok Cotta. 
English Edition, by P. II. LAWBBiCB; with English, Oennao, and French 

Synouymes. Pcft 8vo. 14*. 

GEOLOGY SIMPLIFIED for BEGINNERS. By A. C. Eamsay, LLJ>. 

F. B.B. FormSng peart of the Ser. R. Glelg*8 New 86hool Series. 1 8mo. 

[/« the p7-rsx» 

The ANCIENT STONE IMPLEMENTS, WEAPONS, and ORNA- 
MENTS of GREAT BRITAIN. By John Evaxs, F.R.8. F.SJL With 2 Platee 
aaa47< Woodcats. Sro. piioe S8i^ 

The OEIGIN of CIVILISATIOV and the PRIMITIVE CONDITIOH 

of MAX ; :^rciital and Social Condition of Barages. By Sir John LvbbOGI^ 
Bart. M.F. F.ll.S. Second Edition, vrith 26 WoodontB. 8vo. price 16#. 

BIBLE ANIMALS ; being a Doscription of every Living Creatnre 
mentioned in tbo Scri^urcs, from the Ape to the Coral. By the ReT. J, G. 
Wood, M.A. F.LJ9. with mbont 100 Vignettes on Wood. Svo. 21t. 

HOMES WITHOUT HANDS ; a Description of the Habitations of 
AniiTuJ.-, cla- f (1 : c-cordiiifr to their Principle of Construction. By the Ber* J. 

G. Wood, MJL F.L.S. With about 140 Vignettes on Wood. Sto.SU 

INSECTS AT HOME ; a Popubir Account of British Insects, their 
Structure, HaMte, and Transformations. By the Rev. J. G. Wood, M.A. FJUS> 
With upwards of 700 Dliietiatloins. 8to. price Sli. 

INSECTS ABROAD; a Popular Account of Foreign Insects, their 
Structure, Habits, and Trarsfomiations. By J. G. Wood, M.A. F.L.S. Printed 
and illustrated uniformly with ' Insects at Home/ to which it will form a 
Sequel and Companion. [/» tktfirtu* 
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SniAKGE DWELLINGS; a description of the Habitations of 
Animals, abridged from * Homes without Hands.' By the Her. J. G. Wood, 
if A. F.L.S. With about 60 Woodcut Illiistrations. Crown 8vo. price 7*. W. 

OUT of DOOBS ; a Series of Essays on Natural ITisfnry. By the Rev. 
J. G. Wood, MjL. F.L.S. With Six Illujstrations from Original Designs engravecl 
oa Wood Iqr 0. Feanoik Cunmimh £iRm>2^ reodlp. 

A FAMIIIAS BI8T0ET of BI1CD8. By E. Stasut, D J). F.B.S. 
tate Lord Bishop of Norwkh. SimiitliBaitioii,wililiWoodont8. Fcp.Sf.6d. 

WROHL JANTTABY to BECBMBBB; a Book ChiUimi. Second 

Edition. Pro. 8*. 6d. 

The HABXONIES of NATUBE and UNITY of CBEATIOK. Bj Dr. 
OiOBOB Habtwio. 8fo. wiOi nnmeMma mmttatioiiB, 18». 

The SEA and its LIYIEa WOHBEES. Bj Dr. Geoboe Habtwio. 
LtteBtrerlBodBditfoB. 8to. yriVb. snany IIlastmtionB, 10«. ieU 

Tbe TBOFICAL WOBLD. By Dr. Gbobob Habtwio, With a1)0Te 160 

IDustrations. Latest rorfsed Edition. 8vo. price 10*. 6d. 

Jhe SUBTEBBANEAN WOBLD. By Dr. Gbobgb Habtwio. With 

3 Maps and about 80 Woodcuts, including 8 full size of page, 8vo. price 2ls. 

Xhe POLAB WOBLB, a Popular Description of Man and Nature in the 
Antic and Antaiotio Begions of the Globe. By Dr. Qsobob Habtwio. With 
8 OhxooiozrkgEaplifl. 3 llapBy and 8ft Woodcnts. 8TO.10t. ML 

XIBB7 and SPENCE*S INTBODUCTION to EHTOHOLOCT, 

Elements of the Natural Historj- of Insects. 7th Edition. Crown 8vo. 6s. 

MAUNDEB'S TBEASUBY of NATITBAL HISTOBY, or Popular 
Dictionary of Birds, Beasts, Fishes, Beptiles, Insects, and Coping T lungs. 
WltlialMmaoO Woodcoti. Vep»iv9,jd»U,tik^9tl9i,bomAtD.e$SL 

SAKDBOOX of HABDY TBEES, 8HBUBS, and HEBBACE0U8 

PTANTS, containing Descriptions, Native CountriM, &c. of a Selection of th» 
Best Species in Cnltivatioa ; togtith<^r with Goltoral Details, Comparative 
Hardiness, Suitability for Particular Positiona, iic. By W. B. Hemhlrt, for- 
merly Assistant at the Hertiarium of the Royal Gardens, Kew. Baaed oo 
Decaisxi: and Nat7DIN*s Mmud de r Amateur des Jardim, and including the 264 
Original Wo {^i nta. Medium 8vo. 21 5. 

AGENEBAL SYSTEM of BOTANY DESCBIPTIVE and ANALYTICAL. 

I. Outlines of Organography, Anatomy, and Physiology ; 11. Descriptions and 
Illustrations of the Oraera. By B. Le Maout, and jrDscAisKR, mtmbm off 
tbr Institute of Prance. Translated by Mrs. IIookrr. The Orders arrantred 
alter the Method followed in the Universities and Schools of Great Britain, iW 
Colonies, America, and India ; with an Appendix on the Natural Method, and 
Other Additions, ixr J. D. Hookkb, F.B.S. Sic, Director of the Boyal Botanical 
Gardens, Kew. With Woodooti. Imperial 8T0. inloo 6S«. 6dL 

The TBEASUBY of BOTAET, op Popular Dictionary of the Vegetable 

Kingdom; including a Glossary of Botanical Terms. lliN-d by J. Lindlet, 
FJUS. and T. If 00BS|7.LJ3. awisted by eminent Ck>ntributors. With 274 
Woodootaand 96 StedPiatM. Two Plots, fcp. 8to. 1S«. doth, or Mt» orif* 

The ELEXBirTS of BOTAET VAMIUES and fOHOOIS. 

Tenth Edition, nriaed tj TaxauB JSiooma, VXA Vep,- with 154 Wood- 
cuts, 2t. Sd. 

ThO BOS£ AMATEUB'S GUIDE. Bj Tbouas EiYiiBS. Eonrteentb 
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XOVIHIVB EM OTCLOPJBBIA of PIAm ; comprising the Spedlle 

rh;ir:v tcr, P ■scription, Culture, TTIstrrv, iio. of all the flmte found In 

Gru;»t lii itairi. With Tipwinnls of 1 'i.rNWi \VL>..M.lcuts. gvo. 42j. 

JUAUNDEB'S SCLEKTiriC and LIX£EABY T&EASUBY. New 
Bdition, thoroughly reviied and in gre«fe put rewritten, with ehore 1,000 
wnrAxtUlM* bfJ.T. JoammitOoR; Iiop.«f.«]fllii*or MfccalL 

> ©ICnOHAEY of SCIENCE, IITEBATTTEE. and AET. Fourth 
Edition. re-«dited by W. T. £RAia)X (the original Author), and OtOROB W. 
Cox, M.A., assisted by contriboton of eminent Soientiflc and Literaxj 
AoqoinBMBtit S vo]i*flMdinm8vo,piioeM«.dotb. 



Chemistry^ Medicine^ Surgery^ and the 
Allied Sciences. 

L BIOnOVABT of CHEMISTHY and the Allied Branches of other 

Sciences. By Hkniiv Watts, P.B.S. E'^-i-rrci by eminent Ck)ntributQn* 
Complete in G vols, mt iium Hvo. price £8. 14^. ijd. Si:pplkme>t in tht Press, 

ZLEKENTSof CHEMIST&Y, Theoretical and Practical. Bj W. Asams 
ICnjjDt, H.D. Iat« Prof. <rf Chemis^, King*! Cell. London. New 

Bditlon. 3 vols. Rvo. £3. PART I. Chemical PnTKrc?;. 15.*. Part H* 

ISOKGANIC CilKMliiTRY, 21s. PART III. ORGAMC CnEMI>TUY, 24s. 

A Course of Practical Chemistry, for the use of Medical StndentA. 
Bf W. Oduro» F.B.B, Hew Bditieo, with 70 Woodcaks. Crown 8vo. 7t. W. 

A XAVITAL of OHEMICAI. PHT8X0L0GT, iDcIuding ita Foists of 
Contact with Pathology. By J. L. W. l! H U Pi c a P M » MJ>« mth Woodonti. 

8to. priw 7,?. f.J. 

SELECT METHODS in CHEMICAL ANALYSIS, chiefly INOK- 
OAKIC. By WiLUAM Cbook£S, F.B.S. With 22 Woodcuts. Crowa 8to. 
Ifflcel2». 64. 

A HAVSBOOK of BYEII70 and CALICO PBIHTIKG. By liak 
Crookbs, F Jt.8* Illustrated withnninercms Specimms oi J>yed Textile Fabrics* 
8vo. [In the Spring. 

XECTUBES on the DISEASES of INFANCY and CHILDHOOD. By 
OmnTJS Wbst, M.D. &e. aiithBditloo»reTlsed and enlarged. 8to.18i». 

Tho SCIENCE and ABT of B1TB0EE7 ; being a Treatise on Sai|^ciil 

Injuries, Disease^;, an^l Oporatlon??, "By Jorrx Eric F.nicnsEN-, Senior 
Surgeon to Univei^ity Collie Hospital, and Holme Professor of Clinical 
Surgery in University Coll^ London. The BIzth Edition, with 712 Wood- 
cuts. 2 vol-*. «vn. price 

A SYSTEM of SURGERY, Theoretical and Practical. In Treatisoe 
by Various Authora. Edited by T. TTolmrs, ^*r.A. 6ic. Surgeon and Lectwrer 
on Sorgery at St. George's Hospital. Second BditiOO, ttioioaghly vevised* 

with nnn-.t-roiLs Illnatrations. 5 vols. 8vo. £•'''. 

Xhe SURGICAL TREATMENT of CHILDREN'S DISEASES. By 
T. HoLMKi}. M.A. &c. late Surgeon to the Hospital for Sick Children. 
SsoondBdltumtWlfh 9 plates and US Woodonti. 8Te.Sls» 
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LECTTTHES oa tbe PEINCIPLES and PRACTICE of PHYSIC. By 
Sir TuOMAH Watsox, Uari. il.U. I'litii i:<ditiou, thorougiil/ reyised.- 
S toll. 8V0. infoe 8««. 

XSCTITBES on SUEGICAL PATHOIOOT. By Sir James PAGsr* 

Bart. F.R.S. Tliir l !' 'ition, revised and re-edited by the A,1ltllO!r and 

Professor W. TuuM.ii, M.iJ. 8vo. with I'M "Woodcuts, 21*. 

On the SURGICAL DISEASES of the X££IH and CONTIQUOXTS 
STRUCTURES, ^vitb their Treatment. By S. JJUIES A. Sautbr. M.B. FJL& - 
Dental Snrgoon to Guy's Uo^itaL 8vo. "witk aameroiis lUustmtions. 

[In (he Autumn. 

A TBSATI8S on MEDICAL ELBCTBICITY, THEORETICAL and 

Practical ; and it>; Use in the Treatment of Paral} sis. Neuralgia, and other 
IMaeaaes. By Julius Altuaus, M.D. M.R.c.P. &c.* Tliird ibdition, enUucged 
and miaed i with 147 Dliistrabioiis. 8yo. price 19^ 

LECTURES on VEVEB deliTerod in the Theatre of the Meath Hospital ' 

and County of Dublin Tiifirmnry. By W. Stokes, M.D. F.R.S. Physician to the' 
Queen in Ircluiid. Edited by J. W. Moouk, M.D. F.K.Q.C.P. 8to. \os. 

The SKIM-MILR TREATMENT of DIABETES and BRIGHT'S 
DI8BASB ; with Clinical ObHerviilfloaa on the Symptoms and Bftttiology of 

these Aflfcctlona. By A. P. Donkin', M.]>. c. Crown 8vo. lOs. Sd. 

QITAIN'S ELEMENTS of ANATOMY. Seventh Edition [1867], 
edited by W. Suaupey, M.D. F.R.S. Allen Thomson.H.D. F.R.S. and 
J. Glblakd, M.D. With upwards of 800 Bngnvings on Wood. S $wo, 

price "Is. GJ. 

AKATOMY, DESCRIPTIVE and SURGICAL. By Henry Geay, 
P.R.S. With about 400 Woodcuts fzom Dlssoctions. Sixth Edition, by 
T. HouoB^ M«^, with a new Litrodnotloa by the Bdttmr. Royal 8vo^ SSa. 

A TREATISE on the COHTINirEB EETEBS of 0SEAT BBITAnr. 

By Charles Mdkchiso.v. :jr.D. LL.D. F.Tl.S. F.R.C.P. &c. Second Bditloa, 

revised and cnlar^T-d. with uumero'ig Illu.strutions. 8vo. price 21.^ 

CLINICAL LECTURES on DISEASES of the LIVER, JAUNDICE, 
and ABDOMINAL DROPSY. By Chajilks MuBCiiiriON, M.D. Lc. i\ew 
Edition, pvepaiinff for publication. 

OUTLIHES of PHYSIOLOGY, Human and Com para tivo. By John 
Marshall, F.R.( S. Surgeon to tbe Unimslty College Hoq>itaI. 2 toIs. 

cro^nl 8vo. with 122 Woodcuts, 32*. 

PHYSIOLOGICAL ANATOMY and PHYSIOLOGY of MAN. By the 
late R. B. Todd. M.D. F.R.S. and W. BowuAN, F.B.8. of Sing's OoUqge. 

With numerous Illustrations. Vol. II. Svo. 2.'^*. 

Vol. I. New Edition by Dr. Lionkl S. Bkalb, F.R.S. in coarse of publi- 
cation, with many lUnstratioiis. Fasib I. and II. pctoe 7«. 642. each. 

COPLAND'S BICTIOKABT of PEAOTICAL XEBICINE, abridged 
from the larger work and throughout faeooi^t down to the present State 

of Medical Science. Svo. 

DB. PEREIRA'S ELEMENTS of MATERIA MEDICA and THERA- 

PKUTICS, abriUyed and adujitcd for the use of Medical and Phannacentical 
Practitioners and Students ; and comjirising all tbe Me^^licines of the 
British Pbanoacopoeia, with such others as are frequently (urdcred in I^e> 
scriptlons or required by the Physiden. Bdited by Prafenor Bwmxtt 
F.L.S. &c. and by Dr. EBPWOOD, F.0J3. fto. Wftb ISS WoodOBfe DIuMm- 
tiouB. 8yo. price 2^. 
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th9 £8S£liXIAL8 of MAISBIA M£DXCA. and XHEBAPEITTICS. 
Bj AXVRBD Barito Oabbod» M.D. F.B^ ko, FbjtkSta to mns's College 
Hoepitnl. Th I Edition. Seymtti ImpwwIoUi brpught np tolflTa. Grawn 
aro. price Gd. 



The Fine ArtSy and lUusirated Editions. 

A DICTIONABT of A&TISJS of the ENQLISH SCHOOL: Painters, 
Sculptors, Arehfteoti. Enjrravers, andOnuuiMotlBts; with Notices of their Lives 

The THBEE CATHEDEALS DEDICATED to ST. PAUL, in LONDON ; 
their History from the Foundation of the First Building in the Sixth Century 
to the Proposals for the Adornment of the Present Cathedral, By WlLLIAK 
LoxnMAv, F.A.S, with nnmerons Illustrations. Square crown Svo. price 21*. 

flEOTESQUE ANIMALS, invontod, drscrihod, and portmred by E. W. 
CooKK, irMi-b. i.G.S. F.Z.& ito. in Twenty-four Plates, witii Elucidatory 

nr FAIR YI AND ; Pictnrw ftom the Klf- World. By Richard 
DoYt.F. With a Poom by W, AT.TJxniiAM. With Sixteen Plates, oontaiaiiig 

Thirtj s X Designs priutetl in Colours. Folio, 31j. 6d. 

ALBEET DUEEE, HIS LIxE aud WORKS; including Auto- 
biographical Papers and Complete Catal < By Wiluam B* 800fR» 

"With Six Etrhinga by the Author, and other ] : j rrnti ous. Svo. 16*. 

She NEW TESTAMENT, illustrated with Wood Engravinf^s after the 
Early Masters, chiefly of the Italian SchooL .Crown 4to. 6a«. cloth, gilt top; 
or £ft degantly bonnd In mo rocco. 

XTBA OmCAHIOA ; the Chrietattn Year. Traodated by CArKKBXtm 
WiNKwoimi ; with 125 lUttatnitlona on Wood draim lij J. Iiuoaiov, 

F.S.A. 4to. 21*. 

XTBA OEEMANICA; the Christian Life. Translated by Cathbrinb 
WkMKWOBTH ; with about 90e Woodonfe Illagtnitions by J. Lbeqeton, F.SJU 
•aAotlMrAztiitB. 4to.SU. 

Thib LIPE of HAN S7ME0LI8EB by the KONTHS of the YEAB. 
Text selected by B, ?xaoT; Illiistifttions on Wood from Original Doeigns Xgr 
J. LxioBTOX, F.8JL 4to.i9f. 

<;ATS' and FAELIFS KOBAL EKBLEHS ; with Aphorisms, Adages, 
and Proverbs of all Nations. 121 Diustriitions on Wood hy J. InaBIOir» 
P.8.A. Text Pflprtofl by H. PiftOT. Imperial Svo. dU, 6d. 

iSACBED and LEGENDABY ABT. By Mb8. Jaioson. 

Xegends of t!ie Saints and Martyrs. New Edition, with 19 

Etchings ami 1H7 ^Voodrnt?^. 2 vols. square crown Svo. 31 J. 6<l. 

Xegends of the Monastic Orders. New Edition, with 11 Etchings 

and Woodcuta. 1 vol. square crown Svo. 21*. 

Xiegends of the Madonna. New EdiLion, with. 27 Etckings and 
Itt Woodonlii X ^1* stuen erown 9fo* 31c 

Tkt ViMttttj Of Ow lord, with that €i his Types and Pneunoin. 

CoTuplete^i by Lady Eastt^kk. Brri-^ Edition* with H Stdllbgi aaA 
3^1 Woodcuts, a TOls. square crown Svo. 42«, 
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l%e Use/td Arts^ ManufactureSj &c« 

HISTOBY of the GOTHIC BE7ITAL; an Attempt to shew how fas 
the taste for Medieval Archltectaie was retained in England during: tbo 
last two centuries, and has been re-developed in the pr^nt. By C. L. Eabt« 
LAO, AndittMfe. WitlL48Il]nitnttoiii Impnial 6to. Sl«. M. 

aWnrS EVOTCLOP^DIA of ABGHITECTUBE, with above 1,000 
EngrATings on Wood. Fifth Edition, ZBTiaed and mlaiged by WUXt 

Papworth. 8vo. 52i. Gd. 

A MANUAL of ARCHIIECTUEE; being a Concise History and 
Explanation of the principal Styles of Enrapein Architecture. Ancient, 
Mediaeval, mid Ernnis«nnce; with a Glos?3ary of Technical Tezma* By 
TnoiLA.s MiTCHET.L. L luv. n 8vo. with 150 Woodcuts, 10*. Od. 

HINTS on HOUSEHOLD TASIE m TUENITUEE, UPHOLSIEBY, 
and other Details. By Chabus L. Bastlaxs, Anhlteob Kew BdttiOB« 

with abont 90 Illustration?. Square crown $70, lis, 

PBINCIPLES of MECHANISM, designed for the Use of Students in 
the Universities, and for Engineering Students generally. By B** 
Wiixis, M.A. F.R.S. Jacksonian Professor in the University of Oam- 
bridfre. Second E Illi i;, enlarged} wittlSTi Woodcuts. 8vo. 18j. 

OEOMETRIC TURNING: comprising a Be^pription of Plant's New 
Geometric Chock, with directions for its use, and a series of Patterns cnt 
It, with Bjeplanirtufffiii. 6yH. B.aA,V0BT. ITOhiuinieRnuiWoodoiifcfc 8vo.2li^ 

£ATHES asd TVBnHG, Simple, XaduudMl, and OBFAlCElfTAL* 

By w. iiKxnY NouBOOXT. TOh ahont MO mnsteattom on Steal and 

Wood. Svo. IKj. 

PERSPECTIVE ; or, the Art of Dzawing what One Sees. Explained 
and adapted to the nse of thoaa Bkatofaing from Katore. By Lieut. W. H« 
Oou2n,BAV3JL& 'WithSrWoodratfl. Gtown Sro. prioe fit. 

nmVSTBIAL CHEMISTBY; a Manual for Manufacturers and for 

nso in Colleges or Technical Schools. Being a Translation of Professors Stohmann 
and Engler's German Edition of Paten's Prieis de Chimie IndustrielU, by Dr. 
J. D. Barry. Edited and Bopplanunted liyS. H. PaqIi, Pb.D. 8vo. with Plates 
and Woodcuts. [In the press, 

ITBE'S DICTIONARY of ARTS, MANUPACTUBES, and MINES. 

Bixth Edition, rewritten and enlarged by Eobebt Hukt, F.R.S. assisted by 
numerous Contributors eraint nt in Science and the Art^, and familiar with 
Manufacture. With above 2,000 Woodcuts. 8 vols, medium Svo. £4 14*. 6(2. 

HANDBOOK of PRACTICAL TELEGEAPHY, "By "R. R. Culley, 
Uemb. Inst. C.E. Bngineer-in-Chief of Telegrapim to the f out Uf&ce. Sixth 
nittion,witlil4IWoodotitBaBdSPlatea. Svo. piica 1<«. 

TbB SNOINEEB'S HANDBOOK; explaining the Principles which 
should guide the Young Enpinper In the Construction of Machinery, ^vith the 
necessary Eules, Proporti ttis, and Tables. By C. S. LcwiJDEs. Post 8yu. 5i. 

BNCYCLOP£DIA of CIVIL ENGINEERING, Historical, Theoretical, 
andPnetfteaL ByB,OHwr,CUI. VUih above 8,000 Woodoats. STo.42i. 

Hm STSAUrS Iir TBITBSBB Coiiroatod b J measB of IMamma ; irifh 

20 Examples drawn to &%ilo. By iC A. B^JUOU^JLL, CUI. wifil SS Dia- 
grams* fi^oard crown Svo. 6«« 64, 
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TREATISE on MILLS and MILLWOEK. By Sir W. Faiebairn, 
Burt. FJI.S. K«w SdlUoQ, witb IS Plates and 932 Woodcate, 3 toU. 
9fo, Wit. 

ViBFUX mOSXATIOK for SVOniBBBS. By Sir W. 'Fjkjamnar^ 
Bart. F.R.B. B«TlMd BdltSoo, irttli nanopoiif IUii«tn«^^ 3 voli. erown 8vo. 

price 31*. M. 

The APPLICATION of CAST and WROUGHT IRON to BuUdiag 
PnrpOM*. By Sir AV. Faiuhaiun, V.nrt. F.RM. Vimi«bBllitl0ll,6n]aZ8ed; 

6 Plates nnd 1 18 WoodcuU. 8vo. price 18*. 

OUNS and STEEL ; Miscellnncons Papers on Mechaniral S^T jects. 
By Sir JosKi'H Wurrwoaxu, Bart. C.E. LLJ). D.CX. fioyai »vo. wiUi 

ninsmidoiu, It, M. 

A TREATISE on the STEAM EKGIKE, in its various Applications 
to Mines, Mills, Steam NaTigation« Bailways, and Agricaltare. By J. Bouam^ 
C.E. Eighth Edition ; with Portrait, 87 Plates, and 546 Woodcute. 4to. 43«. 

CATECHISM of the STEAM BHOINE, in its various Applications to 
Minos, Mills, Steam Navigation, Railwajrii and Agiteattnni. Bjr the MUM 

Amhnr. With f^'* W(x><lrTit«. Fop, 64. 

HANDBOOK Of the STEAM ENGINE. By the same Author, forming 

a Kev to tlie Catechism of the Steam Enplne, with 67 Woodcuts. Fcp. 9*. 

BOU&NES EECENT IMPBO YEMENIS in the STEAM ENGINE in it& 
▼arlons applieatfont to Mines, Mills, Steam Navigation, BaUwaja, and Agii- 

cnlture. Hy John Bourke, C.E. New BdittonlnOliidlag many New Eatanplee 

with VIA \Voodcut«. Fcp. 8ro. C<. 

PEACTICAL TREATISE on METALLXTEGY, adapted from the last 
G«nnan Edition of Professor Kerl's Metallurgy by W. Crookes, F.R.S, fte, 
and E. Bonuifi, PIi.D. M F. With Woodcuts. 3 vols. 8vo. price £4 19*. 

MITCHELL'S MANUAL of PEACTICAL ASSAYING. Fourth Edi- 
tion, for the most part rewritten, with all the recent DiscoTeries incorporated, 
bf W.OBOonStPJtA With IM Woodottti. 8vo.81j.6d, 

£0VD0V8 EMCTCLOPABIA of AGBI0IFLTUSE: oomimnng the- 

Laying'Out, ImproTemcnt, and Mana-'emrnt of Landed Pmprrtr, nnd the Culti- 
vation and Economy of Agricultural i rodnce. With l,]oo VVoudcuts. 8vo. 21 j. 

London's EnoyclopsBdia of Gardening: comprising the Theor)' and 

Practice of Horticulture, Flor ioulfami, AHmrirnittHm^ mwt ^ Xjm^fWm ^Td Wffff g, 
With 1,000 Woodcuts. 8?o. 21*. 

BAYLDON'S ART of VALUING RENTS and TILLAGES, and Claims 
of Tenants upon Quitting Farms, both at Michaelmas and Lady Day. Eighth 
Bdttloo,zeviBOdbyJ«C«MoBTOK. Svo.l0t»6d, 



Religious and Moral Works. 

ntTBODUCTION to the SCIENCE of RELIGION. Pour Lectiii«s 

delivered at t>in T! ynl Institution; with Two Essays on False Analogies and 
the Phllofsophy of .M} thology. By F. Max Mulucr, M.A. Crown 8vo. 10#. 

SUPERNATURAL RELIGION ; an Ini^uiry into the KeaUty of Divme 

Bevdatlon. S vols. 6to. 24f . 
S8SAYS OA fhs HIBTOBY of the CHRISTIAN RELIGION. Bj JoHXf 

BariRlffiBiii. CthiiietEdidon> revised. Fc|». 8vo. prioe 8<. 
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rhe SPEAKER'S BIBLE COMHENTABT, by Bishops and otlier 
Clergy of the Anglican Church, critically examined by the Right Rev. J. W. 
CoLEXSO, D.D. Bishop of KataL 8vo. Part I. OettesU, 3t. Gd, Paut U. 
Exodus, 4*. 6d. PAirr HI. levUicus, 2». Grf. Pakt IV. Numbert^ 6d. 

Part V. Ih ulrranomy, i>> . 

The OUTLINES of the CHKISTIAN MINISTEY DELINEATED, and 
brought to the Test of Reason, Holy Scripture History, and Experience, with a 
flew to the Reconciliation of Existing Differences conoeraing it, espedally 
between Presbyterians and EpiHcopaliaiis. By 0. WOBDBWOBTH, D.OJU Blabcp 
of fcit. Andrews. Crown 8vo. price 7*. 6J. 

CHBIST the CONSOLES; a Ix>ok of Comfort for the Sick. With a 
rteCM» by th« Bight BttT. tba Irf»d Bishop of Carlide. Small 8vo. price Ct. 

BZABOirs of VAITH; or, the OBDER of the Christian Aigumeat 

Developed r.:it Explained, By the P.ev. Q, S. DBIWflLA. SeOQSidSditlOD, 

revised firj'l ('iilar'c,'«l, Fcp. 8to. prirp 

araONYMS of the OLD TESTAMENT, their BEAEING on CHRIS- 
TIAN FAITH and PRACTICE. By the Rev. R. B. GiKDLE>TOXK, M.A. 8vo. 16*. 

The ANIIftUIIIES of ISEAEL. % IIkinkich Ewald, Professor of 
theUnivefritj of CNlttingaii. Itandated from the Qerman. Sro. [In UUprett* 

Aa XVTBOBirCTIOV to fho THEOLOOT of the OEUBCK of 

ENGLAND, 5n an Frpositlon of the Thirty-nine Artiolos. By the B«T. T. 

Boi'T,Tr?FF, LTj.D. Istiw Edition, Fcp. 8vo. price C*. 

FUNDAMENTALS ; or, Bases of Belief concerning MAN and GOD : 
a Handbook of Uenftal, Moral, and Bdlgtons Fhiloiopby. By the Bat, T. 

Gkiffith, M.A. 8vo. price G'i. 

SEEMONS for the TIMES preached in St. Paul's Cathedral and 
elsewhere. By the Rev. Thomas Guiffith, M.A. Prebendary of St. Paul's. 
Crown 8vo. 6«. 

PEAYEES for the FAMILY and for PEIVATE USE, selected 
from the COLLECTION of the late BARON BUNSEN, and Translated by 
Caibidimb WiNSWOttiB* Fq;». 8to^ pvice 6(1. 

All EXPOSITIOir Of tbe 89 ABTI0LS8, Historical and Doctrinal. 
B. Habou) Bbowxb,.D.D. Lofd BUiopof WInoheitar, Nhidi Bdit. 9?o. 16i; 

Tha and EPISTLES of ST. PAUL. By the Rev. W. J. 

CoxYBEARE, M.A., and the Very Rev. J. S. Howsox, D.D. Dean of Chester : — 

LmitARY EDinoK, with all the Original Illustrations, Maps, Landscapes on 
Steel, Woodcuts, &c. 2 vols. 4 to. 48*. 

IKTBEMBDIATB EoiTiuM, with a Selection of Maps, Plates, and Woodcots. 
9 TOls. aqnaire etavm 8vo. 

Student's Enmov, revised and condensed, with 46 Blnstcatioiia and Ueiia. 
1 vol. crown 8vo. prioe 'Js. 

Ihe VOYAGE and SHIPWBECK of ST PAUL ; with Dissertations 
on the Life and Writings of St. Luke and the Ships and Navigation of tha 

AT-!r!ont«. By Jamks Smith, F.Il.S. Third IMition. Crown 8vo. 10*. Gd. 

COMMENTAEY on the EPISTLE to the BOMANS. By the Ber. 
W. A. O'CoNOR, B JL. Rector of St. Stmon and St. Jade, Uaneheeter. Grown 

8vo. I ri. (' 'is. 6d. 

The EPISTLE to the HEBEEWS; with Analytical Introduction and 

Notos. By the Rev. W. A. O'CONOU, B.A. Crown 8vo. price 4*. 6rf. 

SI. MAEK'S GOSPEL; GreekText, with Englibk Vocabulary. Edited 
the Rev. J. T. Whitb, D.D. Oxon. asmo. 1«. 6d. 
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ST. JOHN'S GOSPEL; Grcok Text, with English Vocabulary Edited 

b} t ic- Rov. J. T. "W iiM K, 1>.U, (Xxon. 8!?ino. [Ju^i ready. 

A CBIXICAL and GEAMMATICAL COMMENTARY on ST. PAUL'S 
BpistJM. BjO. J.ViAiooTr»D.D.LoKdBiilii)pof OkwoMtttaaaBri^^ 

ChOfttlaiif, Fourth £dition» St. 6<f. 

llplwiUuuh Fouzth Edition, 8#. 

Psftoral Eplitlei, Fourth Fdition, 10«. 6i. 

Pliilippiaui OoloMiaiLi, and PMlamoii, Third Edition, I0«. 

Thessalonisiii, Third Edition, 7<* 6<i 

HXSTORICAL LECTITRES on the LIFE of OUR lOED. By 

C. J. ELUCOTr.D.D. VA-h^.y: r,,f C lui-rpi^t-r mid Tri^t,.!. ri:tl: T.Iition. 8to. 12*. 

EVIDENCE of tlie TRUTH of the CHRISTIAN RELIGION derived 
from the Literal Folfilmeat of Prophecy. By Ajlexandsu KEiTfl, D.D. 37tlL 
Edition, with nnmerons Plates, in aqmoe 8to. ISa. M. ; alio ttae S9tb EdltkNi, Sn 

post s'vo. ^^ ith 6 Plates, 6^. 

The HISTORY and LITERATURE of the ISRAELITES, acf-orrlin;^ 
to the Old Testament and the Apocrypha. By 0. DK Bothschiu) and A. Ds 
ROTHBOHTLD. St^cond Edition, revised. 2 -VOto. pOlt 8tO. with TwO Uapi» 
price 12j. Cxi. Al l idp-ed Edition, i i 1 vd. frp. 8vo. price 8j. rf. 

An INTRODUCTION to the STUDY of the NEW TESTAMENT, 
Critical, Exegetical, and TheologicaL By the Ber. & Davidson, D J>. IiL JO. 
S TOb. 8vOk S0». 

HI8T0BT of ISRAEL. By H. Ewald, Prof, of tho Univ. of Gottin- 
f^en. Trrtn l i ted by T. E. Carpkntbb, ICJL, With a Preface by Bubssll Mas- 
tin >'■,■ :\I.A. vuls. 8vO. (i^-is. 

The TPwEASUEY of BIBLE KNOWLEDGE ; beiug a Dictionary of the 
Books, Persons, Places, Events, and other matters of which mention is nisde in 

Holy Scripture. By Rev. J. Ayue, M.A. With Maps, 16 Plates, and munerOlM 
■Woodcuts. Fcp. 8vo. price 6i. cloth, or \0s. neatly bound in calf. 

LECTURES on the PENTATEUCH and the MOABITE STONE; 
witl. Vppendicc^on the Elohistio Narrative, the Original Story of the Exodus» 
nnd the I'l-c-Christian GxoBB. Bj the Bight Bwr. J. W. CoLBMSO, D.D. fiishop; 
of NataL 8vo. 

The FEHTATBVCE andBOOKof fOBBITA CBITICALLY EXAKimi. 

By the lEUght Bev. J. W. Colbkso, I>.I>. Bishop cf Nstsl. Grown 8vo. 6». 

AUTHORITY and CONSCIENCE ; a Free Debate on the Tendency of 
Dogmatic Theology and on the Characteristics of Faith. Edited by Co»WAT 
MOKEL. Post 8vo. Is. Cd. 

A VIEW of the SCRIPTUBE SEVBLATI0H8 GOKOSBlTINe ft. 

FUTURE STATE. By BicHABD WSAnLT, DJD. Iftts Axohhlshop <)< Doblin. 

Ninth Edition. Fcp. 8to. bs. 

TEXTS and THOUGHTS for CHRISTIAN MINISTERS. Bj J. 
HABDixa, D J), late Bishop of Bo«&baj. [in the pnu» 

TEOVGHTS for tho AGE. By Elisabeth H. Sewbix, Author of 

* Amy Herbert,* &c. Kew Edition, revi.^ed. Fcp, 8to, price 6$, 
Passing Thoughts on Religion. By Miss Sewell. Fcp. 8vo. Za 6d» 

Self-Ezamination hofore Coniirmatioii. By Miss Sewbix* S2nu>« 
ivioe 1«. M» 
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Headings for a Hontli Preparatory to Confirmation, from Writtti 

of tlie Early and English Church. By Miss Sewkll. Fcp. ii. 

Beadings for Every Day in Lent, compiled from the WritingiB of 

Bishop JEUEiiY Tayloi{. By Miss SrrwELL. Fcp. 6*. 

Preparation for the Holy Communion ; the Devotiooa chiefly from 
thoWofka of Jsbsmt Tatlok. By HImSbwbll, SSnoi U, 

XH0V6HX8 for tboEOIT WXSX for Tovng Persont. By Miw 
6BWBLL. N«nr Bdltten. Vcp.9T«.fi. 

PXnrCIPLES of EDUCATION Drawn from Nature and Bevolftti0ll« 

and applied to Female Ediicatton in the Upper rinniM, By Mias SSWILE* 

2 vols. fcp. hvo. l'2s. iid, 

LYfiA GEKMANICA, translated from the German by Mifls C. Winx- 
WOBTH. FiR.<rr Sertk<, iryniiig for the Sundaj^ and Ohtef Festlvalfl. Saofnm 
Skribs, the Chris'inii . F ji. Svo. price 3*. 6d. each SvAar.?. 

SPrRITTTAL SONGS for the SUNDAYS and HOLIDAYS thxovgh* 

out tho Y< ar. By J. S. B. Movsell, LL.T) r* p. <vo. 4s. 6d. 

SHDEAVOUES after the CHRISXIAN LIFE i Discourses. By tlie 
Itav.J. MABTrxEAir, LL,D. Fifth Edition, carcfnlly revisetl. Crown Svo, 7s. 6 J. 

HYMNS of PEAISE and PSAYER, coiicctcd aud edited hy the Kev. 
J. MlBixnAU, III J>. Cbmwn Ovo. 4*. M. 

WBATELTB IHTBODVCTOBT IES80K8 on tlio OHSISTIAir 

ETldcnoes. 18mo. Bd. 

BISHOP JEREMY TAYLOR'S ENTIRE WORKS. With Life "by 
BiSBOP H£B£n. Revised and corrected by the Eev. C. P* Bdsk, Complete in 
Ten Tolomes, 8va doCh, pdoe £6. St, 



Travels^ Voyages^ &c. 

JtKEIlNG the SUN; a Journey all round the World through Egypt, 
China, Japan, and California. By WlLUAM SiMPSO.v, F.li.G.S. With 48 Uelio- 
types Mid Wood EngravliigB ftrom DxawingB tfy tbe Anthor. MoiMmn svo. 

The ATLANTIC to fho PACIFIC ; ^Vlvit to see, and How to see it. 

Vy Jonv Krastus LESTEit, M.A. Map, Plan, Woodmtts. Crown Svo. 6*. 

SLAV£.CATCHINa in the INDIAN OCEAN. By Capt. Colombo 

R.N. With a Map and Illn-stratiuui. Svo. 21*. 

UNTRODDEN PEAKS and UNPBEQUENTED VALLEYS; a Mid- 
smmner Bamble among the DdoaitM. By jLhmil B. Bdwabdo. WItb a 
Vap end S7 Wood EngSKVlBss* Ifediimi SrOb 21ik 

The DOLOMITE MOUNTAINS; Excursions through Tyrol, Carinthia, 
Carniola, and Frinli, 1861-1863. By J. Gilbert and G. C. Ohubohili^P.R.G.S. 
With numerous lUostrations. Square crown Svo. 2lt. 

CADORE; or, TITIAN'S COUNTRY. By Josiah Gilbert, one of 
the Authors of the ' Dolomite Monntalos,' WitH Map^ Facsimile, and 40 Dins- 
tntions* Imperial Svo. Sli. 6il. 
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EOITBS of EXERCISE in the ALPS. Bv John Tthdall, LL.D. 
D.C.L. F.R.S. Third Bdittoo» with 7 Woodcuta by fi. Whjmper. Grown 8to. 

price 12*. 6d. 

The ALPINE CLUB map of SWITZEELAND and the ADJACENT 
COUNTRIES, on the Scale of Four Miles to the Inch ; from SdhafThausen on 
the North to Milan on the Hoath, aiul from the Ortlcr Gronp on the East to 
Geneva on the West. Constructed under the ImmcdiAte superintendence of the 
▲lpi» Owb, and edited bgr B. C. Nioaou, F,a^ F.B.G^. in Four Sheets. 

{Nearly ready, 

HAP of the CHAIN of MONT BLANC, from an Actual Surrey in 
1868-1M4. By AnAjn-Itmr.T, P.B.a.6. M.A.O. FubUdied under the An- 

thorlty of tlio Alpine Clnb. In ChromolIUio/raphy on extra stout drawings 

pap<T '28iu. X 17in. prirc lO.v. or motint^l on (,anva.s in a folding case, 124. 6rf. 

TEAYELS in the CENTBAL CAUCASUS and BASHAN. Xncludins 
Vfelte to Anmt and Tiatmes and Aaoeati of Saabek and lObnu. By D. W. 

y KSHYViLS}. Square crown 8 vo. with l^pa* &C. 18«* 

PAU and the PYRENEES. By Count Hknry Ku88IU» Member of 

thp Alpine Club kr. WiMi 2 Maps. Fcp. 8vo. price 5s. 

HOW to SEE NORWAY. By Captain J. K. CAiamoLL. With Jklap 

and 6 Woodcuts. Fcp. Svo. price 'js. 

HT WIFE and I lu QUEENSLAND ; Eight Years' Experience in 
the Colony, with home account of Folynesian Lahoor. ByCBABLaB H.SDSV. 
"With ?ifnp im.l I'naitiq^eoe. Crown 8?o. price 9*, 

BAHBLES, by Patrtcit-s Wai.kkr. Rrprinted from Fraser*8 Magazine^ 

%vith a Viguuttc of tin n'- Buwer in the New Forest. Crown 8to. los, Gd. 

ThA CRUISE of HER MAJESTY'S SHIP, the CURAQOA, AMONG 
Uie SOUTH SEA ISLANDS in 186ff. By JUIJU9 BRWCHUtT, Esq. M.A. 
F.R.O.S. ^vitli Chart, 43 Colonied Phitet acd nnmcioiitt otiier HlnatEatloiia* 

Imperial Svo. price 4'J*, 

GUIDE to the PYRENEES, for the use of Mountaineers. Bj 
Obarlbs Packx. With Map and Illustrations. Crown 8vo. It, M, 

The ALPINE GUIDE. By John Ball, M.R.I.A. lato President of 
the Alpine Club. 8 vols, post Svo. ThoTonglilv Fvevised Editions, with Maiis 
and Dlustrations :— L Western Aipt, 6«. 6d. ll. CeiUtal Alps, U, 6d, UL. 
Btutem Alps, 10^. 6d. 

IxLtrodnction on Alpine Travelling in General, and on the Geology 
of the Alps, price U. Each of the Three Volumes or Farts of the Alpine 0uUU 

may be had with this Tn'i uoduction* prefixed, )jrice Is, extra. 

VISITS to REMARKABLE PLACES: Old Halls, Batae-Piclds, and 
8ton(» Illnstrative of Striking Passages in KngUsh History and Poetzy. By 
WnuAM HowiTT. 2 vols, aqaate crown 8^ with Woodcuti, Sftt. 

X]i6 BUSAIt LIFB of XlTOLAHU* Hj the same Author. With 
WoodcntBlqr Bewick and WllUama. Medium 8to. 12i; Od. 



Works of Fiction. 

ILSMA; an Italian Tale. ByL.lf. Coiitn, Author of *Ather8to&e 
Priory,* S yob. poet Sro. 14«. 
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LABY WII10TOHBY»8 DIABY, 1685—1663; Charles the First, the 
Prott^torute, and the Hcstoration. Reproduced in thA Sl^leof ill* Period to 

which the Diary relates. Crown 8yo. price 7s. 6d. 

POPULAB &OMANCES of the MIDDLE A0X8. Bv George W. 
Cos, ILAm Anthor of the ^UyiStuAogj of fhe Az^an KatioDB * so. ud Ecstags 

HiKTON Jokes. Crov n svo. price 10«. 6d. 

TAXES of the TEUTONIC LANDS; a Sequel to ' Popular Bomitncee 
of the Middle Ages.' By the same Authors. Crown 8vo. 10.?. Gd. 

Xbe FOLK-LOBE of £OXE» collected bj Word ot MouUi from the 
Peoplft. iDrB. H. Bdhk, Author fif'FkitraBRs/lb& CmwB9vo.lSi.ed. 

Tlie BirBCM>1CASTEB'8 7AMIIY ; or, Weal and Woe in a little 

World. T.y Cii kj 1 1> e Mullku, Tranaltttod from the Dntch by Sir Jobk Sbaw 
Lbfhvbs. F JI.S. Crown bvo. price 6«. 

HOVELS and TALES. By the Eight Hon. B. Disbaeli, MJ". 
Cehineb Bdittoii, oomidjeto In Tte Tclomes, cto^ 



LOTHAIR, 6S. 
OOIOKOSBY, 6m, 
8TBIL, 9$, 

Vii-SKIIA, (is. 



Henrietta Tkmpi-e, r>s. 

AtAOT, IXIOV, &C. G«. 

The Young Dukb, &c. Si. 



The MODEEN NOVELIST S LUBEAEY. Each \York, in crown Svo. 

complete In s Single Yolnme :— 
ATHEHs-roNE PiuoKT, 2s. boards ; 2s. Gd. cloth. 
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